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SUMMARY
The Upper Lakes Reference Group concludes that the water quality of Lake
Superior and Lake Huron is still excellent but that man's impact is clearly
evident.
Overall, the water quality is much better than both the objectives
given in the Water Quality Agreement and the jurisdictional standards, with
only isolated instances of pollution. The Reference Group considers it impe—
rative that the waters of the Upper Lakes be maintained at their present high
quality to preserve and protect all existing and future uses.
The following
discussion emphasizes the major concerns of the Reference Group andprovides
recommendations for protection of the lakes. The balance of the report, and
especially Chapter 7, may be consulted for the supporting details.
The Reference Group finds that the only transboundary water pollution
(violation of existing criteria, objectives, or standards) occurs in the St.
Marys River where the discharges of phenolic substances by Algoma Steel and by
the City of Sault Ste. Marie, Ontario violate the Agreement objectives. Also,
some species of fish in both lakes contain high concentrations of heavy metals
or toxic organics, which constitutes a whole lake problem. Point sources are
only a minor source of metals and organics and are generally under control.
The major sources are atmospheric inputs andland runoff which require better
understanding before specific control measures can be developed.
The Reference Group finds that there is some degradation of water quality
of both Lake Superior and Lake Huron caused by the inputs of nutrients, or-
ganics, and bacteria. The degradation related to nutrients and organics
affects both the open waters and nearshore areas of the Upper Lakes but con—
tributes only slightly to the problems in the Lower Lakes. Phosphorus is the
nutrient which usually limits growth in both the open lake and the nearshore
areas and is therefore considered in detail by the Reference Group. Bacte—
riological degradation is only found in nearshore areas with violations
occurring at some locations. There are also violations of the Ontario radio—
logical criteria for radium in drinking water supplies at Serpent Harbour on
the North Channel. Water quality in the western arm of Lake Superior has been
seriously degraded by the asbestos inputs by Reserve Mining Company at Silver
Bay, Minnesota.
The Reference Group finds atmospheric inputs are a significant source of
nutrients, metals, and organics, contributing about 15% of the phosphorus and
30—40% of the lead and the copper input to the Upper Lakes. However, the
state of the art in modelling atmospheric transport and deposition is such
 
 th
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Municipal treatment facilities incorporating phosphorus removal have been
completed at Penetang Bay, Midland Bay, and Collingwood Harbour. Phosphorus
removal is presently planned for Cheboygan, Alpena, and Harbor Beach.
The Reference Group recommends:
1. Michigan ensure that the point source remedial programs in the
Saginaw Bag Basin are completed by December 1978, to reduce the
annual phosphorus load by 600 t/a.
2. Wisconsin and Minnesota ensure that the point source remedial
programs in the Duluth-Superior Harbor area are completed by De—
cember 1978, to reduce the annual phosphorus load by 160 t/a.
3. The condition of Saginaw Bay and of Duluth-Superior Harbor be re—
examined upon implementation of the phosphorus removal programs to
determine if additional load reductions are needed.
4. The identification and control of the sources of phosphorus con—
tributing to the problems in the Goderich area.
5. Surveillance be maintained at Penetang Bag, Midland Bay, and Col—
lingwood Harbour to determine whether improvements are occurring as
expected or whether additional remedial programs are warranted.
NONDEGRADATION (REFERENCE QUESTION 4)
The Reference Group concludes that it is desirable to maintain and
protect the present oligotrophic condition of Lake Huron and of Lake Superior
for present and future use andto ensure the delivery of high quality water to
the Lower Lakes. To maintain the present water quality in the Upper Lakes,
the following allowable phosphorus loading limits must not be exceeded;
PHOSPHORUS LOADING IN TONNES PER YEAR
  
After Scheduled Projection Maximum
1974 Reductions to 2020 Allowable
Lake Superior 4140 3940 4770 3900
Lake Huron (Main Lake) 3720 3020 4230 3600
Georgian Bay 928 928 1180 928
North Channel 1220 1220 1700 1220
In—place and planned point source phosphorus control programs are presently
adequate to protect the Upper Lakes, but Lake Superior, Georgian Bay, and the
North Channel are at or near their maximum allowable load limits. Phosphorus
inputs are projected to increase. Because of these projected increases,
reductions of future phosphorus loadings from municipal and industrial sources
alone will not be adequate. Therefore, the Reference Group recommends:
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e
the
nec
ess
ary
mea
sur
es
to
pre
ven
t
worsening conditions.
ORGANIC CONTAMINANTS
TOXIC ORGANICS
Tox
ic
org
ani
c s
ubs
tan
ces
can
acc
umu
lat
e i
n a
qua
tic
org
ani
sms
, s
edi
men
ts,
fish
, a
nd
oth
er
ani
mal
s a
nd
can
be
tra
nsf
err
ed
up
thr
oug
h t
he
foo
d c
hai
n t
o
man .
Bec
aus
e o
f t
he
kno
wn
tox
ici
ty,
lim
ite
d k
now
led
ge
of
chr
oni
c s
ubl
eth
al
effe
cts,
viol
atio
ns o
f pr
esen
t ob
ject
ives
, t
he a
ppar
ent
inef
fect
iven
ess
of
exis
ting
part
ial
bans
of s
ome
toxi
c or
gani
cs,
and
poss
ible
sign
ific
ant
atmo
s—
pheric transport, the Reference Group recommends:
17.
18.
19.
20.
A total ban on the manufacture, sale, transport, and use of PCB’s,
aldrin, dieldrin, and DDT and its derivatives.
That for lindane, chlorobenzene compounds, chlordane, octachlorosty-
rene, and other man—made organics such as halogenated hydrocarbons,
an accelerated program be initiated to evaluate effects on human
health and biota, to establish a better basis for criteria, and to
develop remedial programs as needed. Until the effects are fully
understood there should be no increased manufacture, use, or dis—
charge of these compounds.
Environmental and health effects be fully evaluated before new
organic compounds are produced, distributed, or used.
The Governments immediately implement programs to minimize pesticide
use, as recommended in the Early Action Program Report of March
1974, prepared by the Pollution from Land Use Activities Reference
Group.
TASTE AND ODOUR COMPOUNDS
The Reference Group recommends:
2]. Appropriate remedial measures be taken to eliminate the remaining
taste and odour problems at Thunder Bay, Marathon, Jackfish Bay, and
the mouth of the Spanish River, caused by pulp and paper mills.
22. Governments ensure that the waste treatment facilities for Algoma
Steel at Sault Ste. Marie, Ontario be completed as soon as possible
to achieve the Agreement objective for phenolic substances.
23. Governments ensure that appropriate measures be taken at Sault Ste.
Marie, Ontario to reduce the present phenolic discharges from the
sewage collection and treatment facilities so as to achieve the
Agreement objective for phenolic substances by December 1978.
ASBESTOS
To protect public health, the Reference Group recommends:
24. Reserve Mining Company immediately cease discharging tailings, which
contain asbestiform fibres, to Lake Superior.
25. The erosion and further asbestos loading from the tailings delta at
Silver Bay, Minnesota be minimized.
26. The Governments immediately establish a drinking water standard fbr
asbestos.
27. The IJC develop and recommend to Governments a water quality objec-
tive for asbestos.
28.
The
Gove
rnme
nts
inte
nsif
y th
eir
supp
ort
of r
esea
rch
on t
he e
ffec
ts
of fibre size, shape, and concentration on the health of all bio—
logical fbrms in the Upper Lakes especially man.
29.
Tha
t t
he
sur
vei
lla
nce
pro
gra
m f
or
Lak
e S
upe
rio
r i
ncl
ude
mon
ito
rin
g
the
chan
ges
in a
sbes
tos
conc
entr
atio
n su
bseq
uent
to t
he c
essa
tion
of
the Reserve Mining Company discharge.
RADIOACTIVITY
The
con
cen
tra
tio
ns
of
2“R
a i
n S
erp
ent
Har
bou
r w
ere
fOu
nd
to
exc
eed
the
Ont
ari
o p
ubl
ic
dri
nki
ng
wat
er
sup
ply
cri
ter
ia.
How
eve
r t
hes
e h
ave
dec
lin
ed
sub
sta
nti
all
y a
s a
res
ult
of
aba
tem
ent
pro
gra
ms
whi
ch
hav
e b
een
imp
lem
ent
ed
sin
ce
196
5.
The
ade
qua
cy
of
the
se
pro
gra
ms
to
ach
iev
e c
omp
lia
nce
is
not
known. The Reference Group recommends:
 
 30. The adequacy of‘present programs be assessed and, if needed, ad-
ditional abatement measures be implemented in the Elliot Lake area
to achieve compliance with the Ontario drinking water criteria.
3]. The jurisdictions initiate without delay the surveillance plan
prepared by the Radioactivity Subcommittee and incorporated into the
Great Lakes surveillance plan developed by the Surveillance Sub-
committee, in order to ascertain that changes in radioactivity occur
as predicted and that no localized increase in concentration occurs.
DREDGING
The Reference Group recommends:
32. The Governments act upon the recommendations of the International
Working Group on the Abatement and Control of Pollution from Dredging
Activities, leading to the development and adoption of compatible
regulations for dredging and dredge spoil disposal that fully
consider the short— and long—term effects.
VESSEL WASTES
Chloride from the discharge of seawater ballast accounts for 4% of the
total chloride load to Lake Superior. In addition, this discharge may result
in the introduction of undesirable salt and brackish water biota; based on
previous experience with lampreys and alewives, this could be a serious
problem. The discharge of personal wastes can cause public health problems.
The Reference Group recommends:
35. Existing and proposed vessel waste regulations be amended to pro—
hibit discharges of'personal wastes from all vessels into Lakes
Huron and Superior or into any of its harbours or embayments. Major
ports should be required to provide adequate pumpout facilities for
personal wastes.
34. All ocean vessels inbound to the Great Lakes be required to exchange
seawater ballast for acceptable freshwater ballast prior to entering
the Saint Lawrence Seaway.
35. Compatible regulations be developed and appropriate remedial pro—
grams be instituted to abate operational and functional waste
discharges. Particular attention should be given to ocean—going
vessels, selflloading/unloading vessels, and tankers.
SPILLS
Information about spills in the Upper Lakes is generally inadequate. The
Reference Group recommends:
36. The regulatory agencies conduct post-spill studies to determine the
associated long-term environmental effects of spills and cleanup.
  
57.
As a
resu
lt o
f th
ese
stud
ies,
impr
ovem
ents
shou
ld b
e ma
de i
n re
s—
ponse measures and recovery technology.
38.
The
inf
orm
ati
on
bas
e r
ega
rdi
ng
the
nat
ure
and
the
cha
rac
ter
of
the
material spilled be upgraded and reported in a common format.
THERMAL
Pre
sen
t t
her
mal
dis
cha
rge
s d
o n
ot
cau
se
ser
iou
s w
ate
r q
ual
ity
deg
ra—
dat
ion
.
How
eve
r,
the
rma
l i
npu
ts
wil
l i
ncr
eas
e.
Pot
ent
ial
pro
ble
ms,
par
tic
—
ula
rly
in
the
are
a o
f f
ish
lar
vae
and
fis
h e
ntr
ain
men
t,
are
of
con
cer
n.
Therefore, the Reference Group recommends:
39.
Com
pre
hen
siv
e e
nvi
ron
men
tal
ass
ess
men
t s
tud
ies
be
con
duc
ted
for
eac
h
the
rma
l d
isc
har
ger
to
be
sit
ed
on
the
Upp
er
Lak
es
wit
h p
art
icu
lar
emp
has
is
giv
en
to
the
des
ign
of
int
ake
and
dis
cha
rge
str
uct
ure
s t
o
minimize fish and fish larvae entrainment.
ATMOSPHERIC INPUTS
Pre
lim
ina
ry
mea
sur
eme
nts
ind
ica
te
tha
t t
he
atm
osp
her
e i
s a
sig
nif
ica
nt
sou
rce
of
mat
eri
als
loa
din
g t
o t
he
Upp
er
Lak
es.
The
Ref
ere
nce
Gro
up
rec
om—
mends:
40.
The
Gov
ern
men
ts
inc
lud
e p
hos
pho
rus
as
an
air
pol
lut
ion
con
tro
l
parameter and determine its sources.
41.
A s
urv
eil
lan
ce
pro
gra
m f
or
atm
osp
her
ic
loa
din
g t
o t
he
Upp
er
Lak
es,
inc
lud
ing
syn
the
tic
org
ani
cs,
ars
eni
c,
and
mer
cur
y,
be
ins
tit
ute
d.
WATER QUALITY AGREEMENT OBJECTIVES
Th
e
pr
es
en
t
cr
it
er
ia
,
st
an
da
rd
s,
or
ob
je
ct
iv
es
de
ve
lo
pe
d
by
the
ju
ri
s—
dic
tio
ns
to
pro
tec
t
spe
cif
ied
use
s
are
oft
en
sig
nif
ica
ntl
y
div
erg
ent
.’
The
Reference Group recommends:
42.
The
IJC
con
tin
ue
to
rev
iew
all
the
cri
ter
ia,
sta
nda
rds
,
and
obj
ec-
ti
ve
s
pr
es
en
tl
y
us
ed
and
,
wh
er
e
ne
ce
ss
ar
y,
re
fi
ne
the
pr
es
en
t
ob—
je
ct
iv
es
an
d
de
ve
lo
p
ne
w
sp
ec
if
ic
ob
je
ct
iv
es
fo
r
in
cl
us
io
n
in
the
wa
te
r
Qu
al
it
y
Ag
re
em
en
t;
an
d
wh
er
e
les
s
st
ri
ng
en
t
cr
it
er
ia
ar
e
in
fo
rc
e,
re
co
mm
en
d
th
e
ad
op
ti
on
of
cr
it
er
ia
at
le
as
t
as
st
ri
ng
en
t
as
th
e
ob
je
ct
iv
es
in
th
e
Ag
re
em
en
t.
 
    
 @
l
N
I
I
l
l
l
l
l
l
l
ﬂ
l
l
ﬂ
N
W
h
e
n
t
h
e
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
w
a
s
s
i
g
n
e
d
in
1
9
7
2
,
t
h
e
r
e
w
a
s
a
g
r
e
a
t
c
o
n
c
e
r
n
o
v
e
r
t
h
e
p
r
e
s
e
n
t
a
n
d
f
u
t
u
r
e
w
a
t
e
r
q
u
a
l
i
t
y
o
f
L
a
k
e
S
u
p
e
r
i
o
r
a
n
d
L
a
k
e
Huron.
T
h
i
s
c
o
n
c
e
r
n
s
t
e
m
m
e
d
f
r
o
m
the
k
n
o
w
n
p
o
l
l
u
t
i
o
n
at
S
i
l
v
e
r
Bay,
Thunder
Bay,
Sault
Ste.
Marie,
and
Saginaw
Bay.
Consequently,
the
A
g
r
e
e
m
e
n
t
was
used
as
the
basis
for
a
request
to
the
International
Joint
C
o
m
m
i
s
s
i
o
n
(IJC)
by
the
C
a
n
a
d
i
a
n
and
the
U.S.
Governments
for
a
comprehensive
study
of
pollution
problems
of
Lake
Superior,
Lake
Huron,
and
the
St.
Marys
River.
The
Governments
prepared
a
set
of
Reference
Questions
for
the
IJC.
In
November
1972
the
IJC
appointed
the
Upper
Lakes
Reference
Group
to
undertake
the
appro-
priate
studies
to
answer
these
questions
and
to
report
its
findings
to
the
IJC,
who
would
in
turn
report
back
to
the
Governments.
The
Reference
Group
was
composed
of
scientists
and
engineers
of
various
disciplines
from
the
federal,
state,
and
provincial
governments.
Present
and
former
members
are
listed
in
Appendix
A.
REFERENCE QUESTIONS
The
Reference
Questions
are:
1.
Are
the
waters
of
Lake
Superior
and
Lake
Huron
being
polluted
on
either
side
of
the
boundary
to
an
extent
(a)
which
is
causing
or
is
likely
to
cause
injury
to
health
or
property
on
the
other
side
of
the
boundary;
or
(b)
which
is
causing,
or
likely
to
cause,
a
degra—
dation
of
existing
levels
of
water
quality
in
these
two
lakes
or
in
downstream
portions
of
the
Great
Lakes
System?
2.
If
the
foregoing
questions
are
answered
in
the
affirmative,
to
what
extent,
by
what
causes,
and
in
what
localities
is
such
pollution
taking place?
3.
If
the
Commission
should
find
that
pollution
of
the
character just
referred to is taking place,
what remedial measures would,
in its
judgment, be most practicable
to restore and protect
the quality of
the waters, and what would be the probable cost?
4.
In the event that the Commission should find that little or no
pollution of the character referred to is taking place at the
present time, what preventive measures would in its judgment, be
most practicable to ensure that such pollution does not occur in the
future and what would be the probable cost?
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e
i
n
f
o
r
m
a
t
i
o
n
co
mp
il
ed
wo
ul
d
he
lp
in
th
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12
 Nearshore
waters,
harbours,
and
embayments
are
the
most
seriously
affected
areas
of
the
Upper
Lakes.
Study
Item
V
was
designed
to
identify
and
describe
pollution
or
degradation
of
these
areas
and
to
evaluate
their
effect
on
the
open
waters
of
Lake
Superior
and
Lake
Huron,
leading
to
recommendations
for
remedial programs.
Study
Item
VI
is
in
part
an
extension
of
Study
Item
II,
in
that
data
collected
in
the
open
water
and
sediment
surveys
were
evaluated.
With
a
better
understanding
of
present
open
water
conditions
and
materials
transport
processes,
total—lake
management
alternatives
could
be
developed.
Fisheries
aspects
were
subsequently
incorporated
into
both
the
nearshore
and the open water programs.
ORGANIZATION
The
Reference
Group
appointed
four
Work
Groups,
comprised
of
specialists
from
participating
agencies,
to
conduct
the
proposed
studies,
including
data
collection,
analysis,
and
evaluation,
and
to
prepare
the
appropriate
sections
of
the
report
to
the
IJC
in
response
to
the
Reference
Questions.
A
Coordina—
ting
Committee,
composed
of
the
Work
Group
Chairmen,
was
subsequently
formed
to
expedite
and
coordinate
activities.
Study
Items
I
and
IV
were
assigned
to
Work
Group
A,
which
consisted
primarily
of
geographers,
sociologists,
economists,
planners,
hydrologists,
and
meteorologists.
The
organization
and
analysis
of
background
basin
in—
formation
and
the
studies
of
present
and
future
socio-economic
implications
to
water quality are closely related.
Main lake data collection
(Study Item II) and analysis
(Study Item VI)
and consideration of transboundary movement of pollutants
(Study Item III)
were assigned to Work Group B, which was composed of limnologists and fisheries
biologists.
Measuring and calculating materials input to the lakes from municipal
industrial,
tributary,
and atmospheric sources
(Study Item III) was assigned
to Work Group C, with representatives primarily from state and provincial
water management agencies.
Studies related to coastal and embayment pollution problems (Study Item
V) were assigned to Work Group D, consisting of provincial and state represen—
tatives for problems in their jurisdictional areas, and U.S. and Canadian
federal representatives for studies of nearshore/open water exchange mechanisms
and interactions.
A Committee for Data Quality was established to review laboratory practices
and capabilities, to evaluate precision and accuracy, and to implement a
quality assurance program. High quality data were essential because most
constituents are present at levels near or below the detection limit of present
analytical procedures.
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Water uses and the related water quality of Lake Huron and Lake Superior
and their basins are determined by natural conditions and how these have been
altered by man.
Natural conditions include natural stream flows, which supply
water to the lakes; the main water bodies of the lake; climate, which deter—
mines the amount and the form of precipitation; and geology, hydrogeology, and
physiography, which determine the types of soils, their ability to produce
food and fibre, their susceptibility to erosion, and the amount and quality of
ground water.
These natural conditions are altered by economic and land use
activities such as agriculture, industry, urbanization, and forestry. These
generate pollutant loads and create a demand for water such as for public and
industrial supplies, waterborne commerce, water—oriented recreation, and
fisheries.
Water quality management is concerned with the impact of present and
future economic and land use activities and with maintaining a water quality
that will support the water uses which are required as a consequence of these
activities.
Therefore, basin characteristics, water uses, land uses, and
projections of population and economic changes are summarized in this chapter;
details are given in Volumes II and III. The Reference Group's philosophy of
water quality management is given in Chapter 4. These, together with the
present and projected loadings to the Upper Lakes given in Chapter 5 and the
existing conditions described in Chapter 6, provide a framework for the con—
clusions reached in Chapter 7 and the recommendations presented in Chapter 1.
BASIN CHARACTERISTICS
The Lake Superior and Lake Huron Basins and the interconnecting waterway
were created by glacial forces twenty to fifty thousand years ago. The basins
are sparsely populated, with only 2,800,000 inhabitants in 1970; this is
projected to increase to 4,300,000 by 2020. The climate varies from near—
arctic in the north to temperate in the south, and water and land uses and
economic patterns vary accordingly.
LAKE SUPERIOR
The surface area, volume, elevation, mean and maximum depths, and drain—
age basin area of Lake Superior are summarized in Table 3—1. Lake Superior is
the largest of the Great Lakes in both surface area and volume. The only
outlet is the St. Marys River, which flows into Lake Huron. The basin total
population was 680,000 in 1970 and is projected to increase to 712,000 by
2020. This increase of only about 5% will be principally urban. Most of the
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 population is located around the western end of the lake. The 1970 population
for the cities of Duluth and Superior was 140,000; and for the standard metro—
politan statistical area about 266,000, which is about half the total for the
U.S. part of the basin. The 1971 population in the Thunder Bay area was
112,000, approximately three quarters of the Canadian total in the Lake
Superior Basin.
Major economic activities in the Lake Superior Basin relate to wood,
pulp, and paper production; mineral extraction (iron, copper, and nickel); and
recreation (hunting, fishing, and skiing).
The major waste sources in the
basin are municipalities; metal mining, concentrating, and refining; pulp and
paper mills; and forestry products. Other major sources of input are atmos—
pheric washout and fallout and soil erosion, especially in the red clay area
near the southwestern tip of the lake. Present and projected economic activity
is summarized in Figure 3—1.
LAKE HURON
The surface areas, volumes, elevations, mean and maximum depths, and
drainage basin areas of Lake Huron, Georgian Bay, and the North Channel are
summarized in Table 3—1. Lake Huron, including Georgian Bay and the North
Channel, has the second largest surface area and the third largest volume of
the Great Lakes. Lake Superior water is discharged into Lake Huron via the
St. Marys River with a drop in elevation of 7 m. Lake Michigan also dis—
charges into Lake Huron through the broad, deep Straits of Mackinac; Georgian
Bay also contributes a significant discharge. Georgian Bay, Lake Huron, and
Lake Michigan have the same mean elevation and hydrologically are considered
one lake. The largest tributary is the Saginaw River. The only outlet is the
St. Clair/ Detroit River system, which flows into Lake Erie.
The total population in 1970 was 2,200,000, about 40% rural and 60%
urban; this is projected to increase about 64% to 3,600,000 by 2020. The
present population is about 43% Canadian; the projected population will be
about evenly divided between the two countries. The northern portion of the
U.S. Lake Huron Basin is predominantly rural. The southern portion is more
urbanized; the Flint, Bay City, and Saginaw metropolitan areas contain more
than two thirds of the population in the U.S. part of the basin. In the
northern part of the Canadian Lake Huron Basin isolated communities along road
and rail routes dot the largely undeveloped hinterland. The Sudbury area,
near the north shore of Georgian Bay, had a 1971 population of 155,000, about
one sixth the total for the Canadian part of the basin. The area south of
Georgian Bay was first settled to exploit the forests and later became agri—
cultural; it does not contain any large urban centres.
The major economic activities of the Lake Huron Basin relate to agri-
culture, mineral extraction and refining, and the production of consumer and
durable goods. Recreation is also economically important. Since World War
II, the eastern Georgian Bay area has rapidly evolved as the "cottage country"
of Ontario. Here the transient summer population often exceeds permanent re—
sidents in many areas such as Parry Sound, Muskoka, and Haliburton. The major
17
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 waste
sources
are
from
municipalities,
mineral
extraction
and
refining,
food
processing,
general
manufacturing
industry,
and
agriculture.
Present
and
projected
economic
activity
is
summarized
in
Figure
3—2.
HATER USES
Dominant
shoreland
water
uses
are
shown
in
Figures
3—3
and
3—4
for
Lake
Superior
and
in
Figures
3—5,
3—6,
and
3—7
for Lake
Huron.
These
uses
include
public
beaches,
harbours
for
both
commercial
and
recreational
craft,
cooling
water
intakes
for
power
plants,
bird
nesting
and
wildlife
areas,
and
municipal
and
industrial
water
supplies.
Recent
programs
to
control
sea
lamprey
and
to
stock
salmon
and
trout
species
have
stimulated
the
recreational
fishing
industry.
Waterborne
commerce
is
another
important
water
use.
In
Lake
Superior
the
major
ports
are
Taconite
Harbor,
Silver
Bay,
Two
Harbors,
Duluth—Superior
Harbor,
and
Thunder
Bay.
In
Lake
Huron
the
major
ports
are
Sault
Ste.
Marie,
Ontario
and
the
Saginaw
River
area.
The
importance
and
density
of
this
traffic
is
shown
in
Figure
3—8.
The
major
impacts
from
transportation
are
from
main—
tenance
dredging,
vessel
waste
discharges,
and
spills.
Such
hazards
increase
with greater traffic densities.
Municipal
and
industrial
water
withdrawals
and
wastewater
discharges
constitute
the
most
important
uses
of
Lake
Superior
and
Lake
Huron
water.
MUNICIPAL
Lake
Superior
serves
as
a
source
of
potable
water
for
19
communities
and
Lake
Huron
for
39
communities.
These
are
listed
in
Tables
3—2
and
3—3
for
Lake
Superior
and
for
Lake
Huron
respectively,
along
with
the
population
served,
the
average
consumption,
and
the
treatment
afforded.
The
largest
municipal
users
of
Lake
Superior
water
are
Thunder
Bay
and
Duluth.
The
pre—
sent
U.S.
withdrawal
from
Lake
Superior
is
91,446
m3/d
for
178,000
people
and
is
projected
to
increase
to
218,000
m3/d
for
358,000
people
by
2020;
the
present
Canadian
withdrawal
is
72,100
m3/d
for
106,100
people
and
is
projected
to
increase
to
83,800
m3/d
for
123,100
people
by
2020.
The
largest
municipal
users
of
Lake
Huron
water
are
Saginaw,
Bay
City,
Midland,
Port
Huron,
London,
and
Sault
Ste.
Marie,
Ontario.
The
present
U.S.
withdrawal
from
Lake
Huron
is
254,000
m3/d
for
260,000
people
and
is
projected
to
increase
to
1,088,000
m3/d
by
2020;
the
present
Canadian
withdrawal
is
232,200
m3/d
for
450,400
people
and
is
projected
to
increase
to
340,000
m3/d
for
631,400
people
by
2020.
The
U.S.
projections
exclude
Detroit,
which
presently
takes
908,400
m3/d
from
Lake
Huron
and
is
scheduled
to withdraw up
to
1,510,000 m3/d,
commencing
in
the
summer of 1976.
This projected volume is about equal to the combined total of
all other municipal water withdrawals in the Upper Lakes Basin.
Municipal wastewater is discharged to both the Upper Lakes and their
basins.
Sewage facilities are tabulated in Tables 3—4 and 3—5 for Lake Superior
and Lake Huron, respectively.
In the Lake Superior Basin,
these sewered
communities represent 53% of the total basin population and 85% of the total
urban
population;
in
the Lake
Huron
Basin
these
represent
49%
and
85%,
respec-
tively.
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 TABLE 3—2
LAKE SUPERIOR PUBLIC WATER SUPPLY SUMMARY
 
AVERAGE
CONSUMPTION
POPULATION (CUBIC METRES
LOCATION SERVED PER DAY) TREATMENT
UNITED STATES
Minnesota
Beaver Bay 360 114 Filtration, Fluoridation, Disinfection
Dulutha 114,000 56,775 Fluoridation, Disinfection
Grand Marais 1,300 568 Filtration, Fluoridation, Disinfection
Silver Bayb 3,500 2,650 Filtration, Fluoridation, Disinfection
Two Harborsb 4,400 3,066 Fluoridation, Disinfection
CloquetC 8,600 3,596 Fluoridation, Disinfection
Wisconsin
Ashland 9,600 4,504 Filtration, Fluoridation, Disinfection
Washburnd 2,000 795 Fluoridation, Disinfection
Michigan
Baraga 1,100 643 Purificatione, Fluoridation
Copper Harborf 500 189g Disinfection
Eagle Harborf 300 76 Disinfection
L'Anse 2,600 2,082 Disinfection
Marquette 22,000 11,355 Disinfection, Fluoridation
Munising 3,800 1,968 Disinfection Fluoridation
Ontonagon 2,500 908 Taste and Odour, Purification
Whit
e Pi
ne
1,20
0
2,15
7
Fluo
rida
tion
, Pu
rifi
cati
on
Total UNITED STATES 177,760 91,446
CANADA
Ontario
Thunder Bayh 102, 500 69, 600 Disinfection
Red Rock 1,700 1,200 Purification, Fluoridation
Terrace Bay 1,900 1,300g Disinfection
Total CANADA 106,100 72,100
    
a. Duluth has a $7.9 million filtration plant under construction.
Plans are being develOped for filtration facilities.
c. Cloquet presently uses over 95% well water; Lake Superior supply is
used only during peak periods (W10—1SZ of summer consumption); filtration
facilities are being considered.
Lake Superior supply usedas standby.
Purification includes disinfection, coagulation, sedimentation, filtration.
Seasonal supply, closed in winter.
Estimated.
Filtration plant under construction.
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TABLE 3-3
LAKE HURON PUBLIC WATER SUPPLY SUMMARY
      
AVERAGE
CONSUMPTION
POPULATION CUBIC METRES
LOCATION SERVED PER DAY) TREATMENT
UNITED STATES
Michigan
Alabaster 40 38 Disinfection
Alpena 13,800 5,678 Purification , Fluoridation
Bay City 49,000 47,313 Purification, Fluoridation, Softening,
Taste and Odour
De Tour 600 151 Purification, Fluoridation, Taste
and Odour
Detroitb (4,000,000) (1,510,000) Purification, Fluoridation, Taste
and Odour
East Tawas 2,400 946 Purification, Fluoridation
Harbor Beach 2,100 4,466 Purification, Fluoridation
Mackinac Island 700 1,892 Disinfection
Pinconning 1,400 946 Purification, Fluoridation, Taste
and Odour
Pointe Aux Barques 300 114e Filtration, Disinfection
Port Austin 900 379 Purification, Taste and Odour
Port Hope 340 151 Purification
Port Huron 41,800 44,284 Purification
Saginaw—Midland
Water Authority 1,500 568e Disinfection
Midland 35,000 32,551 Purification, Fluoridation, Taste
and Odour, Softening
Saginaw 92,000 101,816 Purification, Taste and Odour, Softening
Saint Ignace d 3,000 2,271 Disinfection
Sault Ste. Marie 15,000 10,409 Disinfection, Fluoridation
Total UNITED STATES 259,880 253,973
CANADA
Ontario d
Sault Ste. Marie 72,000 36,400 Disinfection, Taste and Odour
Thessalon 2,000 500 Disinfection
Gore Bay 800 500 Disinfection
Little Current 1,400 1,300 Disinfection
Parry Sound 6,200 3,200 Disinfection, Fluoridation
Waubaushene 300 200 Disinfection
Victoria Harbour 1,200 300 Disinfection
Port McNicoll 1,300 900 Disinfection
Wasaga Beach (System under Construction)
Collingwood 10,400 5,900 Disinfection
Meaford 4,400 4,600 Purification
Owen Sound 19,000 15,000 Fluoridation, Purificationa
Wiarton 2,300 3,700 Disinfection
Lion's Head 300 100 Disinfection
Southampton 5,100 1,600 Disinfection Filtration
Port Elgin 4,500 2,700 Purification
Kincardine 5,000 2,300 Purificationa
Goderich 6,700 5,000 Fluoridation, Purificationa
Bruce Mines 300 100 Disinfection Fluoridation
Petrolia/Brights Grove 10,000 3,600 Purification , Fluoridation
Lambton County/Sarnia 65,000 25,000 Purificationa
Lake Huron Water
Supply System
(London) 232,200 109,300 Disinfection, Fluoridation
Total CANADA 450,000 232,200
Purification includes disinfection, coagulation, sedimentation, and filtration.
Withdrawal of Lake Huron water is scheduled to commence summer 1976.
population figure is the total served by the Detroit system.
The
Total water
withdrawal is 2,660,000 ma/d; the balance comes from the Detroit River.
a.
b.
c.
d. Supply from St.
e. Estimated.
Marys River.
28
Supply from St. Clair River, just below entry from Lake Huron.
 
 TABLE 3-4
PRESENT SEWAGE TREATMENT FACILITIES IN THE LAKE SUPERIOR BASIN
 
TYPE OF SEWAGE SYSTEM
POPULATION
FACILITY SERVED TREATMENT COLLECTION
UNITED STATES
Duluth #4 116,400 Primary Combined
Superior 31,000 Primary Combined
Marquette
25,000
Primary
Mixed
Houghton — Hancock 10,900 Secondary Mixed
Hibbing Village 16,100 Secondary Separate
Virginia City 12,500 Secondary Separate
CANADA
Thunder Bay 75,000 Primary Mixed
OTHERS
18 facilities 86,500 a b
TOTAL 373,400
     
a. By population served: 38,200 (10.2%) primary, 27,600 (7.3%) secondary,
18,200 (4.8%) intermediate, and 2,500 (0.7%) lagooned.
b. By population served: 28,200 (7.5%) combined, 30,500 (8.1%) separate,
11,700 (3.1%) mixed (combined and separate), 16,100 (4.3%) information
not available.
TABLE 3-5
 
PR
ES
EN
T
SE
WA
GE
TR
EA
TM
EN
T
FA
CI
LI
TI
ES
IN
TH
E
LA
KE
HU
RO
N
BA
SI
N
  
POPULATION TYPE OF SEWAGE SYSTEM
FAC
ILI
TY
SER
VED
TRE
ATM
ENT
COL
LEC
TIO
N
UNITED STATES
Mou
nt
Ple
asa
nt
14,
100
Pri
mar
y
Sep
ara
te
Gen
ese
e C
oun
ty
No.
2
22,
000
Pri
mar
y
Sep
ara
te
Alm
a
10,
200
Sec
ond
ary
Sep
ara
te
Sau
lt
Ste
. M
ari
e,
Mic
hig
an
13,
000
Pri
mar
y
Com
bin
ed
Sag
ina
w
106
,00
0
Sec
ond
ary
Com
bin
ed
Sag
ina
w
Tow
nsh
ip
27,
500
Pri
mar
y
Mix
ed
Gen
ese
e C
oun
ty
No.
3
11,
000
Sec
ond
ary
Sep
ara
te
Alp
ena
15,
200
Sec
ond
ary
Mix
ed
Bay
Cit
y
53,
300
Sec
ond
ary
Mix
ed
Fli
nt
264
,70
0
Sec
ond
ary
Mix
ed
Mid
lan
d
35,
100
Ter
tia
ry
Mix
ed
Zil
wau
kee
23,
100
Sec
ond
ary
Sep
ara
te
Owo
sso
20,
000
Pri
mar
y
Mix
ed
Bue
na
Vis
taT
own
shi
p
11,
000
Sec
ond
ary
Mix
ed
CANADA
Nor
th
Bay
46,
000
Sec
ond
ary
Sep
ara
te
Sau
lt
Ste.
Mar
ie,
Ont
ari
o
77,
500
Pri
mar
y
Mix
ed
Owe
n S
oun
d
18,
000
Pri
mar
y
Mix
ed
Mid
lan
d
11,
000
Pri
mar
y
Mix
ed
Sud
bur
y
91,
200
Sec
ond
ary
Sep
ara
te
Barr
ie
42,5
00
Seco
ndar
y
Sepa
rate
Ori
lli
a
22,
000
Sec
ond
ary
Sep
ara
te
New
mar
ket
17,
700
Sec
ond
ary
Sep
ara
te
Auro
ra
13,5
00
Seco
ndar
y
Sepa
rate
OTHERS
68 f
acil
itie
s
195,
800
a
b
TOTAL
 
1,161,300
  
a.
By p
opul
atio
n se
rved
:
55,0
00
(5.2
%) p
rima
ry,
102,
400
(9.6
%) s
econ
dary
,
12,100 (1.2%) intermediate, and 25,800 (2.4%) lagooned.
b.
By p
opul
atio
n se
rved
:
51,5
00
(4.8
%) s
epar
ate,
144,
300
(13.
6%)
comb
ined
or mixed (combined and separate).
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 INDUSTRIAL
Present industrial uses of Upper Lakes water are summarized by industrial
category in Table 3—6. Industrial water use is projected to increase signi—
ficantly but a number of factors, including technological improvements in
processes and the application of closed systems could decrease water use
considerably.
LAND USES
The uses of land in the Upper Lakes Basin determine the diffuse or non—
point loadings to the lakes. Constituents are carried to surface waters by
land drainage and enter the Upper Lakes either directly or via tributaries.
Figures 3-9 and 3—10 Show land uses in the Lake Superior and the Lake Huron
Basins, respectively. More than 90% of the Lake Superior Basin watershed is
covered by forests. In the Lake Huron Basin forested land ranges from 90% of
the total in the north to about 25% in the south; crop and pastureland account
for about two thirds of the total land use in the south. The quality of
runoff water from forested lands is usually higher than that from agricultural
lands. The quality of water from land drainage in the Upper Lakes Basin would
therefore be expected to decrease from north to south.
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TABLE 3-6
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WATER USE, IN CUBIC METRES PER DAY
INDUSTRIAL CATEGORY
LAKE SUPERIOR LAKE HURON
CANADA U.S. CANADA .U.S.
Pul
p a
nd
Pap
er
723
,00
0
-
230
,00
0
-
Min
ing
53,
000
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800
Manufacturing and
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40,
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l E
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,00
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The Great Lakes are often assumed to have an unlimited assimilative
capacity, but that myth is disproven by the deteriorated condition of Lake
Erie and particularly by the threat of those substances which are resistant to
natural breakdown or which are biomagnified. Resistance to breakdown and
biomagnification are perfectly exemplified by mercury, DDT, and more recently
PCB's.
Water quality management can be divided into two distinct programs. One
program is followed when water quality has to be upgraded to meet water quality
objectives, and the other when water quality is better than the objectives.
Water quality criteria, standards, objectives, and guidelines have been
developed by governments to provide a framework within which water quality can
be managed; these are summarized in Appendix C, with details and definitions
given in Volumes II and III. These criteria, standards, objectives, and
guidelines reflect institutional and legislative structures and societal
values, which are critical determinants for the effectiveness of water quality
management programs.
APPROACH TO DEGRADED WATERS
To define and implement remedial programs to upgrade water quality, water
quality conditions and concentrations of contaminants in sediments, fish, and
aquatic life are compared to these criteria, objectives, and standards. This
management process is well understood, commonly used, and exemplified by the
phosphorus removal program in the Lower Lakes. Chapters 5, 6, and 7 respond
to Reference Questions 1, 2, and 3 and identify the problem areas where waters
do not meet Agreement and/or agency water quality objectives, criteria, or
standards.
The criteria used by the Reference Group in responding to Reference
Question 1 require clarification. The Water Quality Agreement does not
provide specific water quality objectives for all parameters of concern to the
Reference Group. Therefore, Lake Huron and Lake Superior were evaluated using
Agreement water quality objectives or, in their absence, the most stringent
criteria that have been promulgated for each parameter by federal, provincial,
or state authorities.
 
 There is often significant divergence among the jurisdictions in the
crit
eria
prom
ulga
ted
to p
rote
ct a
give
n us
e.
For
exam
ple,
the
chlo
ride
con—
centration considered acceptable, desirable, or permissible in raw waters
ranges from 25 to 250 mg/2. Therefore, the Water Quality Objectives Sub—
committee of the Water Quality Board of the IJC should review all the criteria,
standards, or objectives presently used and, where necessary, refine the
present objectives and develop new specific objectives for the Water Quality
Agreement. Where less stringent agency criteria are in force, criteria at
least as stringent as the Agreement objectives should be adopted.
NONDEGRADAT ION
Refe
renc
e Qu
esti
on 4
addr
esse
s th
e is
sue
of w
ater
qual
ity
mana
geme
nt
for
those areas where water quality is better than that prescribed by specific or
any general water quality objectives. This Reference Question potentially
represents a series of water quality management options ranging from a strict
interpretation of nondegradation to permitting change of water quality up (or
down)
to Ag
reeme
nt an
d/or
agenc
y wat
er q
ualit
y obj
ectiv
es,
crite
ria,
or st
andar
ds.
The deliberations of the Reference Group when considering Reference
Question 4 brought to light the following.
The nearshore and offshore waters of the Great Lakes are distinctly dif-
ferent, particularly in areas receiving materials inputs from municipal,
industrial, and tributary sources. Furthermore, the nearshoreeoffshore ex-
chan
ge m
echa
nism
for
thes
e ma
teri
als
is i
nade
quat
ely
unde
rsto
od.
Give
n a
cons
tant
inpu
t,
a co
nsid
erab
le l
engt
h of
time
is r
equi
red
for
the
lake
to
reac
h an
equi
libr
ium
with
that
inpu
t.
For
exam
ple,
rece
ntly
deve
lope
d mo
dels
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that
, if
the
phos
phor
us
load
ing
to t
he m
ain
body
of L
ake
Huro
n is
main
tain
ed a
t it
s pr
esen
t le
vel,
the
chlo
roph
yll
a le
vel
will
incr
ease
by 0
.2
ug/R
from
its
pres
ent
leve
l of
1.4
ug/R
. T
his
is p
roje
cted
to t
ake
22 y
ears
.
Taking these points into consideration, several management options are
available. One option would be to allow agencies to permit the nearshore
wate
r qu
alit
y to
chan
ge f
rom
its
pres
ent
high
qual
ity
to t
he a
genc
y or
Agre
e—
ment
obje
ctiv
es,
crit
eria
, o
r st
anda
rds.
This
opti
on w
ould
ensu
re t
hat
wate
r
qual
ity
in t
he o
pen
wate
r w
ould
be b
ette
r th
an t
hese
obje
ctiv
es.
An e
xten
sion
of t
his
opti
on m
ight
be t
o al
low
the
near
shor
e wa
ter
qual
ity
to c
hang
e to
a
level which would protect the most stringent water use. The water quality
objectives presently being developed by the Water Quality Objectives Sub-
comm
itte
e co
uld
be a
ppli
ed i
n th
is c
ase.
An o
verr
idin
g pr
ovis
o wo
uld
be t
hat
the
main
lake
wate
r qu
alit
y no
t be
seri
ousl
y de
grad
ed a
nd a
t no
time
viol
ate
Agreement water quality objectives.
A co
nsid
erab
ly m
ore
stri
ngen
t op
tion
woul
d be
nond
egra
dati
on a
s de
fine
d
in t
he W
ater
Qual
ity
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protect the most stringent water use would be maintained.
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 After considering these options the Reference Group, in response to
Reference Question 4, adopted the latter option: nondegradation for all
waters which at present are of a quality better than the Agreement objectives.
This position was taken for the following reasons.
As stated above, understanding of the effects on nearshore water quality
as future waste inputs increase is incomplete.
Also, the nearshore-offshore
exchange processes require considerably more research before relationships of
how changes in water quality in the nearshore waters affect the main lake will
be fully understood.
The implications of changes in water quality of Lake Superior and Lake
Huron and further downstream can not be readily assessed. The diluting capa—
city of a lake is reduced as water quality deteriorates. While water quality
models are available to approximate the capacity of the Great Lakes to assi~
milate phosphorus, this capacity depends largely on the existing or sought
water quality. Similar models are not available for other parameters such as
organics, solids, and bacteria. Administrative mechanisms for apportioning or
sharing loadings or capacities of lakes are non—existent and complicated by
the large number of jurisdictions involved. Furthermore, water quality
criteria are in general minimum requirements for their designated uses and do
not necessarily provide complete protection of water uses. For example,
existing criteria for some pesticides and metals provide protection for aquatic
life based on lethal toxicity but do not guarantee protection against chronic
effects.
The experience on the Lower Lakes has demonstrated serious water quality
degradation with excessive waste inputs. Purposeful or intentional water
quality changes should only be permitted when the assimilative capacity is
known or when more conclusive relationships of materials inputs with water
quality are developed and confirmed. It could be argued that adoption of
nondegradation shys away from the responsibility of management of the lakes.
The Reference Group rejects this argument. The realism of the situation is
that some degradation is inevitable so long as development occurs and treatment
technology is limiting. However, to continue in the spirit of the Water
Quality Agreement, the Reference Group believes that every practicable and
reasonable effort should be made by each country to preserve the present high
quality of the Upper Lakes for future generations. This means use of best
known treatmenl for removal of pollutants from municipal and industrial disw
charges. In this context best known treatment means the treatment which
conforms with the highest standard currently applied to the discharge type.
Best known treatment does not mean only that which is required to meet use
criteria in the receiving waters.
NONDEGRADATION CRITERIA-
Having made the decision to preserve the existing high water quality, the
Reference Group then defined nondegradation criteria. These are developed
from the extensive sets of water quality data collected during the Reference
Group's study.
  
The data sets which characterize the condition of the lakes during the
field phase of the study are described in Chapters 4 and 5 of Volumes II and
III and are summarized in Chapter 5 of this volume. Trend information suggests
that for most water constituents changes have been very small. Surveillance
program design should have as a part of its objective the refinement of this
baseline information.
In developing nondegradation criteria, two key factors are reemphasized.
The first is that the lakes are not necessarily in equilibrium with present
loadings. Even if no increase in loading were permitted, the lakes would
continue to change until reaching some sort of steady state. Secondly, the
Upper Lakes provide high quality water to Lakes Erie and Ontario. Hence, when
a water quality criterion is specified for one of the Upper Lakes, its complete
impact through the system must be considered.
The open waters of the Upper Lakes consist of identifiably different.
water masses, each with its distinct water quality characteristics. There-
fore, in order to more satisfactorily describe the baseline water quality of
different areas of the Upper Lakes, the Reference Group segmented the open
waters as shown in Figures 4-1 and 4—2. The basis for segmentation is dis—
cussed in the Chemical Limnology section of Chapter 6. The data collected
were assessed and an "average" water quality established for each segment.
The numbers thus generated are a basis upon which change in water quality can
be measured. Two examples of sets of these baseline conditions are presented
in Table 4-1.
In addition, there are seasonal and areal fluctuations in the water
quality related to biological activity, currents, thermal changes, and other
factors. The natural variability within segments is demonstrated in Tables 6—
9, 6—11, and 6-14. Thus, not only is it impossible to establish a single set
of baseline criteria for an entire lake, it is scientifically inadvisable to
assign a single concentration to each parameter as a nondegradation criterion
within a given segment. Details about all the segments are contained in
Volumes II and III and in project reports.
When changes in concentration are small, or when the data reported are
near or below analytical detection limits, it may be difficult to use these
data to assess water quality. A more effective way to assess future changes
in water quality of the Upper Lakes is to develop a frequency distribution or
histogram for each parameter and to look for shifts in the distribution.
Figures 4—3 and 4-4 show the frequency distribution of the open water concen-
tration of ten metallic elements in Lake Superior. A significant change in
the metals loading to the Upper Lakes would be indicated by a shift in the
distribution shown even though the maximum concentrations measured might not
increase.
The examples of baseline values presented in Table 4—1 represent only
open lake water quality data. Data for the nearshore waters could be presented
in a similar fashion; however, there are numerous complicating factors. The
intensity of chemical monitoring by state, provincial, and federal agencies
was highly variable. Also, nearshore water quality is more variable due to
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 TABLE 4-1
EXAMPLES
OF
OPEN
LAKE
BASELINE
CONDITIONS
     
CONCENTRATION
PARAMETER b
LAKE SUPERIORa LAKE HURON
Major Ions (mg/l)
Alkalinity
42
t l
76
t
3
Calcium
13.0
1 0.2
25
t
1
Magnesium
2.8
t 0.2
7.0
t
1
Chloride
1.2
t 0.1
5.4
t 0.2
Sulphate
3.2
i 0.5
14
t
2
Sodium
1.2
t 0.1
3.1
t 0.1
Potassium
0.5
t 0.05
0.8
t 0.05
Conductivity (uS/cm)
97
t 5
200
i
4
Trace Elements (pg/l)
Copper
2.5
1.5
Zinc 2 2
Cadmium
0.2
<0.2
Mercury
0.1
<0.05
Lead
<1.0
<1.0
Manganese 0.4 0.2
Chromium <0.2 <0.2
Iron 1.5 1.0
Nickel <1.0 <1.0
Cobalt <0.5 <0.5
Nutrients (mg/l)
Phosphorus, as P C
Total Phosphorus
0.004C
0.005 t 0.001
Filtered Total Phosphorus
0.003C
0.003 t 0.001
Filtered Reactive Phosphate
0.001
0.001 1 0.0004
Nitrogen, as N
Nitrate 0.285 t 0.020 0.270 t 0.020
Ammonia 0.005 t O 0015 0.008 t 0.003
Reactive Silicate, as SiOz 2.40 t 0.05 1.60 t 0.05
Dissolved Oxygen 100% saturationd 100% saturatione
pg
7.9 to 8.2
7.7 to
8.3
"Total Dissolved Solids" 63 t 5 130 i 15
Bacteriological
Fecal Coliform (colonies/100 m2) 1 t l l t 1
Total Coliform (colonies/100 m1) S10 S10
Fecal Streptococci (colonies/100 m2) 0 0
a. Open lake segment 13. Based on 1973 data.
b. Open lake segment 6. Based on 1974 data.
c. Subject to verification.
d. Isolated areas of hypolimnion have values as low as 94%.
e. Isolated areas of hypolimnion have values as low as 73%.
39
  
HGURE44
  
OPEN
WATER
SEGME
NTATI
ON F
OR L
AKE
SUPER
IOR
The open w
aters do n
ot include
nearshore
areas, har
bours, and
embayme
nts. O
pen wat
ers are
general
ly defi
ned as
those w
aters
more th
an abou
t 3 km
offshor
e or wi
th a de
pth gre
ater th
an abou
t 15m.
Therefo
re, the
open wa
ter seg
ments d
o not e
xtend t
o the s
horelin
e;
the interve
ning nears
hore segme
nts are sh
own in Fig
ure 6—16.
 
 4
1
HGURE4
  
2
 
   
  
OPEN WATER SEGMENTATION FOR LAKE HURON; THE NORTH CHANNEL; AND GEORGIAN BAY
The open waters do not include nearshore areas, harbours, and embayments. Open waters are
generally defined as those waters more than about 3 km offshore or with a depth greater than
about 15 m.
Therefore, the open water segments do not extend to the shoreline;the
intervening nearshore segments are shown in Figure 6—15.
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 natural and anthropogenic inputs. For example, the average total phosphorus
concentration in Lake Superior nearshore waters varies by a factor of six
(Figure 6—16). Despite these complicating factors, the Reference Group con—
cludes that present high quality nearshore waters should not be degraded any
further. To ensure this, additional efforts should be made by all agencies
concerned to improve the data sets for the definition of baseline levels.
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§ MMIBIM INPIII
This chapter summarizes present inputs to the Upper Lakes by source
category, describes a materials balance for selected parameters, and presents
projections of future loads. These form an inputs baseline, show source
significance, and provide a basis for discussion in Chapters 1, 6, and 7.
Details are in Chapters 3 of Volumes II and III and in project reports.
LOADINGS
Nine source categories of materials inputs to the Upper Lakes were
considered: direct municipal and direct industrial wastewater discharges,
tributaries, atmospheric deposition, interlake transport, shoreline erosion,
dredging activities, vessel waste discharges, and spills. Loadings of up
to 39 water quality parameters were determined for direct municipal, direct
industrial, and tributary inputs, 14 for atmospheric inputs, and selected
parameters for the remaining source categories. Tables 5—1 through 5-5
summarize loadings from the first four source categories by parameter for
Lake Superior, Lake Huron including Georgian Bay and the North Channel, the
main body of Lake Huron, Georgian Bay, and the North Channel, respectively.
The tributary loading values include all upstream sources, including municipal,
industrial, and land drainage. With the exception of interlake transport,
the other source categories are generally only minor contributors to the
total load and are referred to below only when significant.
MATERIALS BALANCE
A materials balance is a tabulation by source category of the inputs to
and the outputs from a lake for a given parameter. The difference is either
the net accumulation or loss of that parameter in the lake. When considered
in conjunction with the physical, chemical, and biological processes occurring
in the lake, a materials balance can help determine the fate of the discharged
material and estimate steady—state concentrations at present or projected
input rates. By knowing which source categories are or which could affect
the Whole lake system, those areas where remedial or preventive measures are
required can be more clearly defined.
Five parameters were selected for a materials balance for each lake:
total phosphorus, total nitrogen, reactive silicate, "total dissolved solids",
and chloride. Phosphorus was selected because available forms of this para-
meter are often the limiting nutrient for algae; in addition, the phosphorus
load is related to the human population and cultural activities in the
basin and is relatively easy to control. Nitrogen is also a nutrient and
         
TABLE 5-1
DIRECT MUNICIPAL, DIRECT INDUSTRIAL, TRIBUTARY, AND
ATMOSPHERIC LOADINGS T0 LAKE SUPERIOR — JULY 1973—JUNE 1975 U
MEAN LOADING, kg/d
DIRECT DIRECT
PARAMETER MUNICIPAL 4 INDUSTRIAL TRIBUTARY ATMOSPHERH
Alkalinity as CaCO3 4,880 33,600 3,020,000 a __
Arsenic 0.045 a 1,290 a
Barium 0.421 a 7,050 a
BOD (5 Day @ 20°C) 4,250 196,000 340,000 a
Cadmium 0.066 9.00 962 151
Calcium 2,270 40,600 3,270,000 90,400
Carbon, Total Organic a 192,000 2,490,000 a
Chemical Oxygen Demand 4,840 549,000 6,280,000 a
Chloride 3,290 85,900 581,000 151,000
Chromium 0.637 1.52 2,170 a
Copper 3.76 28.1 2,780 1,010
Cyanide 4.31 0.500 1,280 a
Fluoride 25.6 7.95 22,600 a
Iron 203 655 179,000 26,600
Lead 1.05 9.00 3,030 1,780
Magnesium
593
8,620
990,000
15,300
Manganese
11.0
335
6,620
a
Mercury
0.009
0.340
42.5
a
Nickel
0.640
30.0
1,680
329
Nitrogen, Total as N
1,370
1,550
100,000
153,000
Nitrogen, Organic as N
575
1,330
71,000
a
Nitrogen, Ammonia as N
718
89.3
10,200
a
Nitrogen, N03 + N02 as N
73.1
140
18,600
8
Oil — Grease
158
614
187,000
a
Pesticides
a
a
2.99
a
Phenols
1.56
218
725
a
Phosphorus, Total as P
363
271
7,760
2,190
Phosphorus, Reactive
Phosphates as P
166
33.6
1,760
a
Phthalates
0.025
0.024
0.680
a
Polychlorinated Biphenyl
0.006
0.005
4.77
a
Potassium
484
7,740
236,000
35,600
Selenium
0.013
a
184
a
Silicate, Reactive as 8102
655
27,400
1,130,000
71,200
Sodium
2,320
84,200
537,000
41,100
Solids, Total
25,200
34,200,000
21,000,000
a
Solids, Filtered and
Conductimetric
21, 400
727,000
16,400,000
329,000
Solids,
Particulate
3,310
33,400,000
4,170,000
a
Sulfate
as
SOE
1,680
59,400
1,430,000
603,000
Zinc
4.18
175
3,760
a
i
L—
a. Not sampled.
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 TABLE 5—2
DIRECT MUNICIPAL, DIRECT INDUSTRIAL, TRIBUTARY, AND ATMOSPHERIC
LOADINGS TO LAKE HURON INCLUDING GEORGIAN BAY AND THE NORTH CHANNEL
JULY 1973 - JUNE 1975
      
MEAN LOADING, kg/d
RH
— DIRECT DIRECT
PARAMETER MUNI CIPAL INDUSTRIAL TRIBUTARY ATMOSPHERI C
Alkalinity (CaCO3) 25,000 71,900 5,840,000 a
Arsenic 0.232 9.24 1,330 a
51 Barium <0.001 101 7,440 a
)0 BOD (5 Day @ 20°C) 7,270 24,900 416,000 a
Cadmium 2.23 2.04 2,180 216
Calcium 6,910 16,900 4,280,000 767,000
)0 Carbon, Total Organic a 19,700 1,790,000 a
Chemical Oxygen Demand 6,710 123,000 3,430,000 a
L0 Chloride 20,900 50,800 1,990,000 134,000
Chromium 10.9 2.25 1,620 a
Copper 19.9 18.7 3,720 2,080
m Cyanide 0.215 2,250 546 a
m Fluoride 79.1 165 18,000 a
m Iron 375 6,510 90,300 12,600
Lead 9.12 14.0 3,300 2,140
Magnesium 1,830 1,780 1,250,000 22,500
m Manganese 30.6 294 4,990 a
m Mercury 0.020 0.315 12.1 a
Nickel 19.8 10.2 4,050 575
Nitrogen, Total as N 2,860 19,400 159,000 142,000
Nitrogen, Organic as N 1,190 4,790 69,500 a
Nitrogen, Ammonia as N 1,250 14,300 10,800 a
Nitrogen, N03 + N02 as N 396 377 79,500 a
Oil — Grease 798 2,800 174,000 a
)0 P
estic
ides
0.003
0.040
0.236
a
Phenols 4.84 477 655 a
Phosphorus, Total as P 521 221 12.100 1,700
Phosphorus, Reactive as P 262 52.0 5,290 a
Phtha
lates
0.034
2.09
174
a
w P
olych
lorin
ated
Biphe
nyl
0.105
0.022
2.08
a
Potassium 1,720 4,290 209,000 87,700
m
Sele
nium
<0.0
01
2.09
145
a
m
Sili
cate
, R
eact
ive
as S
iOz
2,55
0
2,31
0
608,
000
25,2
00
Sodi
um
18,3
00
30,0
00
1,11
0,00
0
123,
000
Soli
ds,
Tota
l
116,
000
348,
000
27,9
00,0
00
3
m Solids, Filtered and
Con
duc
tim
etr
ic
108
,00
0
254
,00
0
24,
600
,00
0
301
,00
0
Solids, Particulate 7,230 105,000 3,080,000 a
‘0
Sulfa
te as
so.
16,40
0
38,90
0
3,330
,000
630,0
00
_J
Zinc
38.0
435
3,61
0
a
a. Not sampled. 47
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 DIRECT MUNICIPAL, TRIBUTARY, AND ATMOSPHERIC
TABLE 5—4
LOADINGS TO GEORGIAN BAY — JULY 1973—JUNE 1975
MEAN LOADING , kg /d
      
DIRECT
PARAMETER MUNICIPAL TRIBUTARY ATMOSPHERIC
Arsenic a 672 a
Barium a 2,330 a
BOD (5 Day @ 20°C) 3,180 61,200 a
Cadmium 0.630 1,160 44
Calcium 3,050 934,000 21,600
Carbon, Total Organic a 455,000 a
Chemical Oxygen Demand a 1,210,000 a
Chloride 5,100 233,000 34,600
Chromium 3.40 903 a
Copper 8.70 1,630 910
Cyanide a 279 a
Fluoride a 4,470 a
Iron 43.6 12,800 5,200
Lead 3.76 1,530 693
Magnesium 798 231,000 3,250
Manganese 4.10 1,820 a
Mercury 0.009 4.35 a
Nickel 5.17 2,170 282
Nitrogen, Total as N 860 29,900 38,900
Nitrogen, Organic as N 410 19,100 a
Nitrogen, Ammonia as N 370 1,730 a
Nitrogen, N03 + N02 as N 76.0 9,120 a
Oil - Grease a 43,600 a
Pesticides a 0.071 a
Phenols 1.42 174 a
Phosphorus, Total as P 164 2,010 367
Phosphorus, Reactive as P 91 1,220 a
Polychlorinated Biphenyl 0.018 0.067 a
Potassium 360 65,800 4,330
Selenium a 77.4 a
Silicate, Reactive as SiOg 449 157,000 3,680
Sodium 4,310 166,000 6,490
Solids, Total 30,580 5,670,000 a
Solids, Filtered
and Conductimetric 27,770 5,120,000 82,300
Solids, Particulate 2,810 547,000 a
Sulfate as SO, 3,110 728,000 a
Zinc 6.5 1,680 a
a. Not sampled.
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is the factor which limits growth in some areas of the Upper Lakes. Reactive
silicate is the limiting nutrient for diatoms. "Total dissolved solids" is
a measure of the dissolved material in the water. Chloride is a non—
reactive, non—accumulating material; its input is often a direct consequence
of human activities in the basin.
Inputs and outputs for Lake Superior, Lake Huron including Georgian Bay
and the North Channel, the main body of Lake Huron, Georgian Bay, and the
North Channel are summarized in Tables 5—6 through 5—10, respectively. In
general, direct municipal and direct industrial loadings are small compared
with tributary, interlake transport, and atmospheric inputs and, along with
the other source categories, are relatively unimportant on a whole—lake basis.
However, any source category may have a significant impact on the water
quality for specific local areas.
The tributary loading values contain upstream municipal and industrial
inputs. If one assumes that all the phosphorus from these upstream sources
reaches the lake, then all municipal and industrial sources in the entire
Lake Huron Basin contribute 23% of the total phosphorus load; for the main
body of Lake Huron, all municipal and industrial sources contribute about 29%
of the input; for Georgian Bay, about 10%; and for lake Superior, about 13%.
The Saginaw River is the most significant tributary input to Lake Huron.
Considering all source categories, the Saginaw River contributes 35% of the
total phosphorus, 15% of the total nitrogen, 10% of the reactive silicate,
9% of the "total dissolved solids", and 26% of the chloride entering the
main body of Lake Huron.
In North America atmospheric loadings can be correlated with the general
level of industrial activity and energy consumption (electricity and auto-
mobiles). Increased economic activity will increase atmospheric loadings
unless compensated by more stringent source emission controls on a national
scale.
The output of total phosphorus and of total nitrogen from each body of
water is less than the input. This indicates a net accumulation of these
materials, most likely in the sediments. For nitrogen, exchange with the
atmosphere may also be significant. The balances for reactive silicate
indicate a net accumulation for each water body; tributary inputs depend on
flow rates, and concentrations appear to be independent of human activity.
For Lake Superior the input of "total dissolved solids" exceeds the output,
which indicates accumulation; for the main body of Lake Huron and for Georgian
Bay inputs and outputs are about equal. The balances for chloride are
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TABLE 5—7
SUMMARY OF INPUTS AND OUTPUTS OF MATERIALS BALANCE PARAMETERS
FOR LAKE HURON, INCLUDING GEORGIAN BAY AND THE NORTH CHANNEL
 
INPUTS, IN TONNES PER YEAR
H OUTPUTS, IN TONNES PER YEAR
PARAMETER
DIRECT
DIRECT
TRIBUTARY ATMOSPHERIC
STRAITS OF
ST. MARYS
TOTAL
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MACKINAC
RIVER
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9,200
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"Total Dissolved Solids"
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Chloride, as Cl
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I
a.
Outputs calculated using open lake concentrations of southern Lake Huron.
Concentrations measured at the head of the
St. Clair River include a nearshore component; loadings thus derived are not suitable for a materials balance.
Loadings for the latter case are:
Total Phosphorus = 2,450 t/a; Total Nitrogen = 91,400 t/a; Reactive Silicate = 157,000 t/a;
"Total Dissolved Solids" = 25,500,000 t/a; Chloride = 1,140,000 t/a.
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TABLE 5-9
SUMMARY OF INPUTS AND OUTPUTS OF MATERIALS BALANCE PARAMETERS
FOR GEORGIAN BAY
 
PARAMETER
INPUTS, IN TONNES PEF YEAR
 
OUTPUTS, IN TONNES PER YEAR
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in production and treatment technology, and changes in public and legislative
attitudes towards environmental concerns.
Present and future net waste production were calculated from the model
for eleven basin regions and thirty nutrients and contaminants, based on unit
loads per capita and per dollar of economic output. Net waste production is
defined as the after—treatment discharge from a facility. Net land runoff to
the lakes was estimated as the difference between the calculated sum of
present regional net waste production and the sum of present measured direct
municipal, direct industrial, and tributary loadings of that region to the
lake. Net land runoff was assumed constant into the future. This calibration
procedure is illustrated graphically in Figure 5-1.
Three scenarios were developed. The "base scenario” or projection uti—
lized in this report is based upon a continuation of the existing level of
treatment technology and a continued level of funding at a fixed (the present)
percentage of the Gross Basin Product (analogous to the Gross National Product).
A "synergistic scenario" was developed to incorporate the synergistic
effects on net waste production of increased public and commercial attention
to environmental problems. This scenario includes changes in production
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The general limnological characteristics of the Upper Lakes are sum—
marized in this chapter. The data base includes the results of studies and
extensive surveys carried out by the Reference Group on Lakes Superior and
Huron, in both the main lake and the nearshore waters, as well as historical
data. Chapters 4 and 5 of Volumes II and III contain the more detailed infor-
mation which is highlighted in this chapter.
The significance of the characteristics of Lakes Huron and Superior is
discussed in Chapter 7 where these characteristics are related to the issues
or problems.
PHYSICAL PROPERTIES
An understanding of the physical properties of the Upper Lakes is essen-
tial to determining the movement, residence time, rate of dispersion, and fate
of materials discharged to the lakes, and therefore the impact of these mater—
ials on water quality. This section describes the water budget, thermal
regime, circulation, and the Optical transparency of Lake Huron and Lake
Superior.
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s o
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 TABLE 6-1
WATER BUDGET FOR LAKE HURON INCLUDING
GEORGIAN BAY AND NORTH CHANNELa
 
INPUTS VOLUME (1010 m3/a) PERCENT
St. Marys River 6.7 33.
Straits of Mackinac 4.4 21.
Direct Precipitation to Lake 4.8 23.
Land Drainage 4.3
TOTAL INPUTS 20.2 100.
OUTPUTS
Evaporation from Lake Surface 4.3 21.
St. Clair River 15.9
TOTAL OUTPUTS 20.2 100.
a. Long-term mean values.
TABLE 6-2
OF TOTAL
w
m
o
o
m
21.
78.
WATER BUDGET FOR THE NORTH CHANNEL FOR 1974
INPUTS VOLUME (101° m3/a) PERCENT
Land Drainage 1.83 38
Direct Precipitation to Channel 0.30 6.
Georgian Bay 0.32 6.
St. Marys River 2.30 48
TOTAL INPUTS 4.75a 100.
OUTPUTS
Evaporation from Lake Surface 0.38 8.
Lake Huron via False Detour
Channel and Mississagi Strait 4.39
TOTAL OUTPUTS 4.77a 100.
a. The difference is reflected in a change of lake level.
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OF TOTAL
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 TABLE 6—3
WATER BUDGET FOR GEORGIAN BAY FOR 1974
INPUTS VOLUME (1010 m3/a) PERCENT OF TOTAL
Land Drainage 2.11 60.1
Direct Precipitation to Bay 1.40 39.9
TOTAL INPUTS 3.51":1 100.0
OUTPUTS
Evaporation from Lake Surface 1.50 40.8
North Channel 0.32 8.7
Lake Huron 1.86 50.5
TOTAL OUTPUTS 3.6881 100.0
a. The difference is reflected in a change of lake level.
TABLE 6-4
3
WATER BUDGET FOR LAKE SUPERIOR
INPUTS VOLUME (1010 m3/a) PERCENT OF TOTAL
Land Drainage 4.9 45.8
Direct Precipitation to Lake 5.8 54.2
TOTAL INPUTS 10.7 100.0
OUTPUTS
Evaporation from Lake Surface 4.0 37.4
St. Marys River 6.7 62.6
TOTAL OUTPUTS 10.7 100.0
a. Long—term mean values.
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RESIDENCE AND FLUSHING TIMES
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Huron and Lake Superior, respectively. The mean temperature lags the annual
cyclical variation of both air and surface water temperature. This lag in
heat Stu uge, coupled with the large quantities of stored heat and the buf-
fering of winter temperature variations by the formation and thawing of ice,
moderates the cyclical air temperature variations over the surrounding land
masses.
These effects manifest themselves in moderation of air temperature,
augmentation or suppression of precipitation, fog formation, and wind.strength.
Water temperature is usually warmer than the air temperature in fall and
winter. _The resulting instability of the cold air increases eddy exchange
rates and heat and moisture transfer. Wind speeds are accelerated, leading
to storms and increased precipitation. Cooling of warm moist air over the
colder lake surface in the spring enhances fog formation but tends to reduce
storm activity and precipitation.
Heat transfer within the lake affects current speeds and therefore the
rate of dispersion of materials entering the lake. Epilimnion current speeds
increase in the spring and summer as the water temperature increases and are
maximum When the surface water temperature is maximum. Hypolimnion current
speeds generally remain constant because heat and momentum transport are
inhibited by the thermocline. In the fall current speeds decrease in the
upper layers and increase in the hypolimnion.
THERMAL‘BAR
Thermoclines are usually absent in nearshore or shallower areas. How—
ever, in the spring the nearshore water warms more rapidly and reaches higher
temperatures than the offshore water. Mixing of nearshore and offshore water
is temporarily restricted until the nearshore waters warm to a density less
than the deeper, offshore water. Thus, waste and other materials entering
thes
e ne
arsh
ore
area
s ar
e co
nfin
ed b
y th
is t
herm
al b
ar a
nd t
empo
rary
wate
r
qual
ity
degr
adat
ion
occu
rs w
ithi
n th
is z
one.
Ther
mal
bars
are
char
acte
rist
ic
of t
he c
oast
al z
one
in t
he s
prin
g an
d th
e ea
rly
summ
er a
nd a
re o
bser
ved
in
Saginaw Bay as early as April.
UPWELLINGS
An
upw
ell
ing
occ
urs
whe
n c
old
sub
sur
fac
e w
ate
r i
s d
raw
n t
o t
he
sur
fac
e
to
rep
lac
e s
urf
ace
wat
er
mov
ed
awa
y b
y w
ind
—in
duc
ed
cur
ren
ts.
The
upw
ell
ed
wat
er
is
rap
idl
y w
arm
ed
and
usu
all
y i
s r
ich
er
in
nut
rie
nts
tha
n t
he
old
er
sur
fac
e w
ate
r.
Upw
ell
ing
s
are
com
mon
alo
ng
the
win
dwa
rd
sho
res
suc
h
as
the
nor
thw
est
sho
re
of
Lak
e S
upe
rio
r,
occ
urr
ing
onc
e
or
twi
ce
a m
ont
h.
The
y h
ave
a p
ron
oun
ced
eff
ect
on
the
tem
per
atu
re
and
che
mic
al
str
uct
ure
s o
f t
he
coa
sta
l
zones .
SILVER BAY DENSITY CURRENT
Ta
il
in
gs
fr
om
Re
se
rv
e
Mi
ni
ng
Co
mp
an
y
ar
e
di
sc
ha
rg
ed
as
a
su
sp
en
si
on
di
re
ct
ly
in
to
La
ke
SU
pe
ri
or
.
Th
is
co
nt
in
uo
us
di
sc
ha
rg
e
cr
ea
te
s
a
de
ns
it
y
cu
rr
en
t,
ca
us
ed
by
th
e
de
ns
it
y
di
ff
er
en
ti
al
be
tw
ee
n
th
e
ta
il
in
gs
su
sp
en
si
on
an
d
th
e
la
ke
wa
te
r.
Th
e
cu
rr
en
t
pa
ss
es
do
wn
the
fa
ce
of
the
ta
il
in
gs
del
ta,
67
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e
a
ﬂ
e
s
w
m
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ev
en
tu
al
ly
re
ac
hi
ng
a
tr
ou
gh
ab
ou
t
300
m
dee
p,
lo
ca
te
d
ab
ou
t
10
km
of
fs
ho
re
.
At
th
e
th
er
mo
cl
in
e,
pa
rt
of
th
e
de
ns
it
y
cu
rr
en
t
pe
el
s
of
f
an
d
fl
ow
s
al
on
g
th
e
th
er
mo
cl
in
e.
Up
we
ll
in
gs
fu
rt
he
r
di
sp
er
se
th
e
ma
te
ri
al
s
fr
om
th
e
de
ns
it
y
current.
CIRCULATION
Wa
te
r
ci
rc
ul
at
io
n
is
ca
us
ed
pr
im
ar
il
y
by
th
e
in
fl
ue
nc
e
of
th
e
wi
nd
an
d
by
di
ff
er
en
ce
s
in
th
e
de
ns
it
y
of
th
e
wat
er
.
Ot
he
r
les
s
im
po
rt
an
t
co
nt
ri
bu
ti
ng
fa
ct
or
s
in
cl
ud
e
cu
rr
en
ts
fr
om
tr
ib
ut
ar
y
inp
uts
,
in
fl
ow
s
th
ro
ug
h
th
e
ma
jo
r
ch
an
ne
ls
,
pr
ec
ip
it
at
io
n,
su
rf
ac
e
an
d
in
te
rn
al
lo
ng
wa
ve
s,
va
ri
at
io
ns
in
at
mo
sp
he
ri
c
pr
es
su
re
,
an
d
ve
rt
ic
al
mo
ti
on
s
su
ch
as
up
we
ll
in
gs
,
si
nk
in
gs
,
an
d
spring and fall overturns.
Th
e
ge
ne
ra
l
ci
rc
ul
at
io
n
pa
tt
er
ns
of
La
ke
Hu
ro
n
an
d
of
La
ke
Su
pe
ri
or
ar
e
gi
ve
n
in
Fi
gu
re
s
6—
3
an
d
6—4
,
re
sp
ec
ti
ve
ly
.
Th
e
ma
in
ch
ar
ac
te
ri
st
ic
,
sh
or
e—
pa
ra
ll
el
co
un
te
rc
lo
ck
wi
se
ci
rc
ul
at
io
n,
is
ty
pi
ca
l
of
no
rt
he
rn
he
mi
sp
he
re
la
ke
s
an
d
is
du
e
to
ge
os
tr
op
hi
c
ad
ju
st
me
nt
.
Pe
rt
ur
ba
ti
on
s,
su
ch
as
st
or
ms
,
ca
n
te
mp
or
ar
il
y
in
te
rr
up
t
th
is
pa
tt
er
n.
Th
e
ra
te
of
wa
te
r
mo
ve
me
nt
ca
n
be
200-1000 km/a.
LAKE HURON
Wat
er
in
Lak
e H
uro
n f
low
s
sou
th
alo
ng
the
Mic
hig
an
coa
st
and
nor
th
alo
ng
the
Ont
ari
o
coa
st.
The
str
ong
est
cur
ren
ts
are
obs
erv
ed
in
nar
row
coa
sta
l
str
ips
ext
end
ing
abo
ut
20
km
off
sho
re.
An
und
erw
ate
r
rid
ge
ext
end
s
acr
oss
the
lak
e
fro
m A
lpe
na
to
Cla
rk
Poi
nt,
sou
th
of
Kin
car
din
e,
sep
ara
tin
g
the
mai
n
bod
y o
f L
ake
Hur
on
int
o t
wo
bas
ins
and
str
ong
ly
inf
lue
nci
ng
cir
cul
ati
on
and
the
tra
nsp
ort
of
mat
eri
als
.
Flo
w i
n t
he
sou
the
rn
thi
rd
of
the
lak
e,
sou
th
of
the
rid
ge
is
mor
e v
ari
abl
e.
The
sam
e g
ene
ral
cir
cul
ati
on
pat
ter
n a
lso
hol
ds
in
the
win
ter
but
is
str
ong
er,
dee
per
,
and
mor
e p
ers
ist
ent
.
Tra
nsb
oun
dar
y m
ove
men
ts
of
wat
er
are
gen
era
lly
fro
m t
he
U.S
.
to
Can
ada
in
the
cen
tra
l p
ort
ion
and
at
the
sou
the
rn
end
of
Lak
e H
uro
n,
and
fro
m C
ana
da
to
the
U.S
.
in
the
nor
th.
Str
ong
win
ds
can
als
o
tra
nsp
ort
wat
er
dir
ect
ly
fro
m S
agi
naw
Bay
tow
ard
Kin
car
din
e, a
lth
oug
h d
ilu
ted
en
rou
te.
LAKE SUPERIOR
Lak
e S
upe
rio
r c
irc
ula
tio
n i
s c
har
act
eri
zed
by
upw
ell
ing
s b
oth
alo
ng
the
nor
thw
est
sho
re
and
in
mid
—la
ke
(Fi
gur
e 6
—4)
.
Cur
ren
ts
are
str
ong
er
alo
ng
the
sou
th
sho
re
and
are
str
ong
est
jus
t n
ort
h o
f t
he
Kew
een
aw
Pen
ins
ula
.
The
net
tra
nsp
ort
of
wat
er
is
res
tri
cte
d b
eca
use
of
the
sea
son
al
tem
per
atu
re
cyc
le
and
of
the
pre
vai
lin
g w
est
erl
y w
ind
str
ess
.
Wat
er
gen
era
lly
flo
ws
fro
m t
he
U.S.
to
Can
ada
at
the
eas
ter
n e
nd
of
the
lak
e a
nd
fro
m C
ana
da
to
the
U.S
. i
n t
he
wes
ter
n p
ort
ion
.
SAGINAW BAY
Sag
ina
w B
ay
is
the
mos
t i
mpo
rta
nt
emb
aym
ent
on
Lak
e H
uro
n b
eca
use
of
the
lar
ge
qua
nti
ty
of
mat
eri
als
ent
eri
ng
it
and
the
nce
ent
eri
ng
Lak
e H
uro
n.
The
circulation of Saginaw Bay is shown in Figure 6—5.
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LAKE HURON
SUMMER CIRCULATION IN THE EPILIMNION
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Fl
ow
is
fr
om
La
ke
Hu
ro
n
to
th
e
in
ne
r
ba
y
th
ro
ug
h
th
e
de
ep
Ch
an
ne
l
on
th
e
no
rt
he
rn
si
de
of
th
e
ba
y.
Fr
om
th
e
ch
an
ne
l,
th
e
wa
te
r
mo
ve
s
pa
st
th
e
mo
ut
h
of
th
e
Sa
gi
na
w
Ri
ve
r
an
d
ou
t
to
La
ke
Hu
ro
n
al
on
g
th
e
so
ut
he
rn
sh
or
e
of
th
e
ba
y.
Th
e
re
si
de
nc
e
ti
me
of
wa
te
r
in
th
e
in
ne
r
ba
y
is
ap
pr
ox
im
at
el
y
fo
ur
mo
nt
hs
,
wh
il
e
th
e
ba
y
as
a
wh
ol
e
ha
s
a
re
si
de
nc
e
ti
me
of
tw
o
mo
nt
hs
.
Th
is
is
be
ca
us
e
la
rg
e
am
ou
nt
s
of
wa
te
r
en
te
r
th
e
ba
y
fr
om
La
ke
Hu
ro
n
bu
t
"s
ho
rt
ci
rc
ui
t"
be
fo
re
fl
us
hi
ng
th
e
in
ne
r
ba
y.
Th
e
so
ut
hw
es
t
co
rn
er
of
th
e
in
ne
r
ba
y
is
ne
ar
ly
st
ag
na
nt
.
Th
e
ci
rc
ul
at
io
n
pa
tt
er
n
in
th
e
in
ne
r
ba
y
is
de
pe
nd
en
t
ma
in
ly
on
wi
nd
sp
ee
d
an
d
di
re
ct
io
n,
wh
il
e
th
e
pa
tt
er
n
in
th
e
ou
te
r
ba
y
de
pe
nd
s
on
th
e
ov
er
al
l
ci
rc
ul
at
io
n
of
La
ke
Hu
ro
n
an
d
ba
y
ge
om
et
ry
,
as
we
ll
as
th
e
wi
nd
.
Th
e
ci
rc
ul
at
io
n
pa
tt
er
n
in
th
e
ba
y
re
sp
on
ds
to
wi
nd
sp
ee
d
an
d
di
re
ct
io
n
changes within 8 to 9 hours.
Th
e
ci
rc
ul
at
io
n
pa
tt
er
n
fo
r
pr
ev
ai
li
ng
wi
nd
co
nd
it
io
ns
(s
ou
th
we
st
er
ly
wi
nd
)
in
di
ca
te
s
th
e
oc
cu
rr
en
ce
of
tw
o
ed
di
es
or
gy
re
s,
on
e
in
th
e
no
rt
he
as
t
co
rn
er
of
th
e
in
ne
r
ba
y
an
d
th
e
ot
he
r
in
th
e
ce
nt
ra
l
pa
rt
of
th
e
ou
te
r
ba
y
ne
ar
it
s
mo
ut
h.
Al
th
ou
gh
th
e
ne
t
co
nt
ri
bu
ti
on
to
wa
te
r
mo
ve
me
nt
du
e
to
th
es
e
ed
di
es
is
sm
al
l,
th
ey
ha
ve
a
mi
xi
ng
ef
fe
ct
an
d
th
us
pr
om
ot
e
ma
ss
ex
ch
an
ge
.
Th
e
ma
gn
it
ud
e
of
wa
te
r
mo
ve
me
nt
an
d
di
sp
er
si
on
fl
uc
tu
at
es
th
ro
ug
ho
ut
th
e
ye
ar
du
e
to
va
ri
ou
s
ph
ys
ic
al
fa
ct
or
s.
In
th
e
wi
nt
er
th
e
in
ne
r
ba
y
is
us
ua
ll
y
co
ve
re
d
wi
th
ic
e.
Ve
ry
li
tt
le
wa
te
r
mo
ve
me
nt
oc
cu
rs
an
d
po
ll
ut
an
ts
te
nd
to
ac
cu
mu
la
te
be
ne
at
h
th
e
ic
e.
A
th
er
ma
l
ba
r
fo
rm
s
a
ho
ri
zo
nt
al
ba
rr
ie
r
to
ma
ss
ex
ch
an
ge
be
tw
ee
n
th
e
ba
y
an
d
la
ke
in
th
e
ea
rl
y
sp
ri
ng
,
ca
us
in
g
a
50
%
re
du
ct
io
n
in
ne
t
wa
te
r
mo
ve
me
nt
an
d
a
75
%
re
du
ct
io
n
in
di
sp
er
si
on
be
tw
ee
n
th
e
in
ne
r
an
d
ou
te
r
ba
y.
As
te
mp
er
at
ur
es
in
cr
ea
se
an
d
th
e
th
er
ma
l
ba
r
di
ss
ip
at
es
,
wa
te
r
mo
ve
me
nt
an
d
di
sp
er
si
on
in
cr
ea
se
.
In
Ju
ne
,
th
e
ba
y
is
al
mo
st
co
mp
le
te
ly
fl
us
he
d
ou
t
du
e
to
st
or
ms
an
d
hi
gh
fl
ow
s
fr
om
th
e
Sa
gi
na
w
Ri
ve
r.
Th
e
an
nu
al
av
er
ag
e
ex
ch
an
ge
fr
om
th
e
in
ne
r
to
th
e
ou
te
r
ba
y
is
ap
pr
ox
im
at
el
y
80
0
m3
/s
.
Fr
om
th
e
en
ti
re
ba
y
to
La
ke
Hu
ro
n,
th
e
an
nu
al
av
er
ag
e
ex
ch
an
ge
is
ap
pr
ox
im
at
e—
ly 5,000 m3/s.
OPTICAL PROPERTIES
Wa
te
r
tr
an
sp
ar
en
cy
de
te
rm
in
es
th
e
de
pt
h
to
wh
ic
h
li
gh
t
ca
n
pe
ne
tr
at
e
an
d
th
us
is
an
in
di
ca
to
r
of
th
e
de
pt
h
to
wh
ic
h
fl
or
a
ca
n
gr
ow
.
Fi
gu
re
s
6—
6
an
d
6—
7
sh
ow
th
e
me
an
po
te
nt
ia
l
ph
ot
ic
de
pt
h
fo
r
La
ke
Hu
ro
n
an
d
La
ke
Su
pe
ri
or
,
respectively.
Te
mp
or
al
cy
cl
es
in
tr
an
sp
ar
en
cy
ar
e
re
la
te
d
to
th
e
am
Ou
nt
of
su
sp
en
de
d
se
di
me
nt
s
an
d
th
e
bi
om
as
s
in
th
e
wa
te
r.
In
th
e
sp
ri
ng
su
sp
en
de
d
se
di
me
nt
s
ar
e
in
cr
ea
se
d
be
ca
us
e
of
in
cr
ea
se
d
sh
or
el
in
e
er
os
io
n
an
d
ag
it
at
io
n
of
sh
al
lo
w
ar
ea
s
fo
ll
ow
in
g
ic
e
br
ea
ku
p,
an
d
by
ru
no
ff
fr
om
th
e
wa
te
rs
he
d.
Bi
om
as
s
is
gr
ea
te
st
in
la
te
sp
ri
ng
an
d
in
ea
rl
y
fa
ll
.
Tr
an
sp
ar
en
cy
is
th
er
ef
or
e
gr
ea
te
st
in
su
mm
er
.
Th
e
tr
an
sp
ar
en
cy
of
th
e
op
en
wa
te
rs
of
La
ke
Hu
ro
n
ex
ce
ed
s
th
at
of
La
ke
Su
pe
ri
or
.
Th
is
ma
y
re
la
te
to
th
e
gr
ea
te
r
bi
ol
og
ic
al
de
pl
et
io
n
of
nu
tr
ie
nt
s
in
La
ke
Hu
ro
n
du
ri
ng
th
e
su
mm
er
se
as
on
.
Ar
ea
s
of
se
ve
re
ly
re
du
ce
d
tr
an
sp
ar
en
cy
in
cl
ud
e
Sa
gi
na
w
Ba
y,
th
e
we
st
er
n
po
rt
io
n
of
th
e
No
rt
h
Ch
an
ne
l,
th
e
Du
lu
th
ar
ea
of
La
ke
Su
pe
ri
or
,
an
d
Th
un
de
r
Ba
y.
Re
du
ce
d
tr
an
sp
ar
en
cy
al
so
ex
is
ts
in
so
me
em
ba
ym
en
ts
wh
ic
h
re
ce
iv
e
po
in
t
so
ur
ce
di
sc
ha
rg
es
an
d
in
wh
ic
h
ci
rc
ul
at
io
n
an
d
mi
xi
ng
ar
e
re
st
ri
ct
ed
.
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SEDIMENTS
In
order
to
understand
baseline
conditions
in
the
Upper
Lakes
and
to
establish
a
reference
level
for
evaluating
future
trends
in
water
quality,
some
knowledge
of
the
sediment
distribution
and
composition
is
essential.
Information
about
sediments
provides
some
indication
of
the
source,
dispersal,
and
final
sink
of
nutrients,
heavy
metals,
and
toxic
organics.
OPEN LAKES
SEDIMENT TYPES
Sediment
distribution
in
the
Great
Lakes
is
related
to
the
post—glacial
evolution
of
the
basin
and
modified
by
sorting
due
to
ambient
physical
condi—
tions.
Dominant
among
the
sediments
are
three general
types:
till
and bed-
rock,
glacio—lacustrine
clays,
and mud.
The
distributions
of
surface
sediments
for
Lake
Superior,
Lake
Huron,
and
Georgian
Bay
are shown
in
Figures
6-8,
6—10,
and
6—12,
respectively.
Sand deposits
are
fairly
extensive
in Lake
Superior
and Lake Huron but are only found in the southern extremity of Georgian Bay.
Bedrock
is
sparse
and occurs
only
in
island
regions
or areas
of
high
bottom
relief.
In general,
the bedrock fabric of the lakes is veneered with glacial
tills representing the rock debris dropped during ice ablation.
Glacio-
lacustrine clays are compact, firm, generally silty, occasionally varved, and
contain ice—rafted erratics.
These clays crop out around the periphery of
the lakes, overlying the till deposits, and in some offshore regions.
Muds
are loosely defined as soft silty clays that represent post—ice—age fine—
grained sediment accumulation.
The muds in Lake Huron and Georgian Bay are
softer, more fluid, and have a higher organic content than those in Lake
Superior due to the higher productivity of the first two water bodies.
DEPOSITIONAL BASINS AND NON—DEPOSITIONAL ZONES
The open lake bottom is divided into depositional basins, where the
quiescent waters allow solids to settle, accumulate, and remain relatively
undisturbed by currents or storms; and non—depositional zones, where sediments
are temporarily deposited only to be scoured and resuspended by currents and
storms. An obvious difference between the two is that the depositional
basins have a much finer sediment texture because of the higher clay content.
Figures 6—9, 6—11, and 6—13 show the depositional basins and non—depositional
zones for Lake Superior, Lake Huron, and Georgian Bay, respectively.
CHEMICAL COMPOSITION
The Chemical composition of the sediment in a zone is often indicative
of the water quality of that zone. Table 6—6 lists the mean levels of the
major elements in the depositional basins and the non—depositional zones of
Lake Superior, Lake Huron, and Georgian Bay and Table 6—7 is a comparison of
the major elements in the sediments of the three water bodies. As expected
by
the
hig
her
cla
y c
ont
ent
, t
he
sed
ime
nts
in
the
dep
osi
tio
nal
b35
1ns
sho
w a
similar or higher level of all measured compounds than in the non—depositional
zones, except for SiOz. SiOz is mainly present as detrital quartz, Chlefly
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TABL
E 6-
6
PER
CEN
TAG
E C
OMP
OSI
TIO
N O
F M
AJO
R E
LEM
ENT
S I
N T
HE
SED
IME
NTs
OF
THE
UPPE
R L
AKES
 
A1203
MgO
Ca
O
N320
T1
02
P205
Total
SECTOR
(No. of
Samples)
Z
N
Z
Z
La
ke
Su
pe
ri
or
TOTAL L
AKE (40
4)
Non—
Depo
siti
onal
Zone
(188)
Deposi
tional
Bas
ins
Lak
e
Hur
on
TOTAL L
AKE (17
7)
Non—Dep
osition
el
Zone
(97)
Dep
osi
tio
nal
Basin
s(80)
Geo
rgi
an
Bay
TOTAL LAKE (165)
Non—
Depo
siti
onal
Zone
(75)
Dep
osi
tio
nal
Bas
ins
(37
)
North C
hannel
(53)
Non—
Depo
siti
onal
Zones
 
65
.5
2 11.10
70.89
12.41
60.
82
71
.2
78
.8
61.9
64.9
64.0
59
.6
69
.7
7.07
12.0
10.6
5.0
9.
1
3.
6
10
.1
 
2.4
10.5
1.8
10.7
1.7
10.7
1.7
11.5
0.9
10.
2
1.8
 
2.6
1.9
3.
5
2.6
2.8
2.8
0.9
 
2.4
3.
2
1.
8
3.
1
3.
3
2.8
2.4
 
1.
1
1.
1
2.1
0.
3
0.3
0.
2
0.4
 
3.3
3.0
2.9
0.40
0.
28
0.55
0.60
0.57
0.67
0.
52
 
0.18
0.
14
0.09
0.
18
0.
12
 
0.23
0.13
0.
08
0.
18
0.16
0.17
0.19
0.14
0.10
0.11
0.05
0.08
0.09
0.07
0.02
 
0.4
0.
25
0.
22
0.
34
0.
22
0.5
0.
21
0.17
 
0.
04
0.
02
0.
06
0.10
0.
09
0.18
0.07
0.03
0.
02
0.03
0.
08
0.07
0.
07
0.
06
4.9
6.7
4.
8
 
1.8
1.6
1.9
  
  
  
in
sands,
wh
i
c
h
are
not
abundant
in
depositional
basins.
Lake
Huron
sediments
have
a
higher
Si02
and
a
lower
A1203
content
than
Georgian
Bay
and
Lake
Superior
sediments,
resulting
from
the
coarse
sediment
texture
and
possibly
higher
productivity.
The
higher
Fe203
content
in
Lake
Superior
sediments
is
due
to
the
oxidation
of
iron
in
the
surficial
sediment
to
an
insoluble
form.
The
lower
P205
content
in
Lake
Huron
sediments,
compared
to
Georgian
Bay
and
Lake
Superior,
is
best
explained
by
the
washout
through
the
St.
Clair
River
of
fine
grained
sediments
with
bound
phosphorus.
Further,
Georgian
Bay
is
a
sink
for
phosphorus
because
of
its
restricted
circulation.
The
high
P205
content
in
the
Lake
Superior
sediments
is
believed
due
to
a
reaction
similar
to
that
causing
the
high
Fe203
content.
Another
indicator
of
the
sediment
baseline
condition
is
the
redox
po—
tential
or
Eh
which
indicates
the
oxidizing
nature
of
the
surficial
sediments.
The
lower
the
Eh
value
in
the
sediment,
the
more
enriched
and
productive
is
the
overlying
water.
In
Lake
Superior
the
Eh
is
relatively
constant
(0.38-
0.45
V),
but
the
Thunder
Bay
trough
and
Thunder
Bay
and
Keweenaw
depositional
basins
have
lower
potentials,
0.324,
0.230
and
0.273
V,
respectively.
In
Lake
Huron
the
Port
Goderich
and
Port
Huron
depositional
basins
have
lower
Eh
values
than
the rest
of
the lake,
0.187
and
0.183 V,
respectively.
In Georgian
Bay,
the Nottawasaga
depositional
basin
has a negative
Eh
(—0.034
V);
the
Lion's Trough, Midland, Parry Sound, and Owen Sound sediments have generally
low, occasionally negative Eh values.
The concentrations of trace metals in the sediments of the Upper Lakes
are higher in the depositional basins than in the non—depositional zones,
except for cobalt and cadmium in Lake Huron.
This implies that the metals
are usually associated with the finer sediments. Table 6—8 compares the
concentration of metals in Lake Superior, Lake Huron, and Georgian Bay.
Lead, cobalt, cadmium, and strontium are similar in all three. Mercury is
higher in Lake Huron and Georgian Bay due to the more intensive industrial
activities. Lake Superior sediments have a higher content of copper, zinc,
nickel, chromium, and vanadium. Generally, the differences are natural but
may be to some extent'related to mining activities.
Several open water areas show metal enrichment related to anthropogenic
sources. Sediments in the Saginaw depositional basin are enriched in mercury,
lead, copper, nickel, and cadmium reflecting the point source discharges in
Saginaw Bay. In Lake Superior there are high levels of mercury in the sedi—
ments betWeen Thunder Bay and Isle Royale and southwestward along the north
shor
e to
the
vici
nity
of D
ulut
h;
and
in G
eorg
ian
Bay
off
the
Bruc
e Pe
nins
ula
and
at
Mid
lan
d.
The
se
all
are
rel
ate
d t
o m
ine
ral
iza
tio
n,
pas
t m
ini
ng
act
1v1
—
tie
s,
chl
or—
alk
ali
pla
nts
,
or
pul
p a
nd
pap
er
mil
ls.
Sed
ime
nt
cor
es
sho
w
tha
t
the
con
cen
tra
tio
n o
f
lea
d i
s
ele
vat
ed
in
the
sed
ime
nts
of
all
thr
ee
lak
es
whe
n c
omp
are
d
to
pre
—tw
ent
iet
h
cen
tur
y
lev
els
.
The
lea
d c
onc
ent
rat
ion
in
the
sur
fic
ial
sed
ime
nts
60—
3 c
m)
is
abo
ut
70
mg/
kg
Co
mp
ar
ed
to
ab
ou
t
30
mg
/k
g
in
the
de
ep
er
se
di
me
nt
s
(3f
25
cm)
.
Th
e
mo
st
log
ica
l
sou
rce
for
the
se
ele
vat
ed
lev
els
is
atm
osp
her
ic
fal
lou
t
rel
ate
d
to
the
use
of
fos
sil
fue
ls
and
lea
d a
ddi
tiv
es
in
gas
oli
ne.
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TABLE 6—7
C
O
M
P
A
R
I
S
O
N
OF
M
A
J
O
R
E
L
E
M
E
N
T
S
IN
TH
E
S
E
D
I
M
E
N
T
S
O
F
T
H
E
U
P
P
E
R
L
A
K
E
S
PERCENT COMPOSITION
EL
EM
EN
T
LA
KE
HU
RO
N
GE
OR
GI
AN
BA
Y
LA
KE
SU
PE
RI
OR
81
02
71
.2
64
.9
65
.5
A1
20
3
8.
1
10
.7
10
.0
Mg
O
2.
6
2.
6
3.
1
Ca
O
2.
5
2.
4
1.
7
N8
20
1.
1
2.
2
2.
0
K2
0
2.
7
3.
0
2.
8
Ti
02
0.
40
0.
60
0.
65
P2
05
0.
13
0.
16
0.
18
Mn
O
0
30
0
25
0
33
S
0
04
0.
10
0
O3
Fe
20
3
3.
6
5.
2
6.
3
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 TABLE 6—8
C
O
M
P
A
R
I
S
O
N
O
F
T
R
A
C
E
M
E
T
A
L
C
O
N
C
E
N
T
R
A
T
I
O
N
S
I
N
T
H
E
S
E
D
I
M
E
N
T
s
O
F
T
H
E
U
P
P
E
R
L
A
K
E
S
C
O
N
C
E
N
T
R
A
T
I
O
N
I
N
m
g
/
k
g
  
E
L
E
M
E
N
T
L
A
K
E
H
U
R
O
N
G
E
O
R
G
I
A
N
B
A
Y
L
A
K
E
S
U
P
E
R
I
O
R
H
g
0
.
2
1
7
0
.
2
2
2
0
.
0
8
3
P
b
4
9
4
3
4
4
C
u
3
2
4
3
8
2
Z
n
6
2
1
0
2
9
7
N
i
3
9
1
0
0
9
5
C
o
1
7
2
1
2
6
C
r
3
2
1
3
2
1
6
3
C
d
1
.
4
1
.
5
1
.
2
V
4
4
6
7
8
2
S
r
6
6
1
1
5
1
1
1
A
s
1
.
1
4
.
2
1
.
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It
is
dif
fic
ult
to
doc
ume
nt
a r
ela
tio
nsh
ip
bet
wee
n
ope
n
wat
er
bed
roc
k
ge
ol
og
y,
se
di
me
nt
co
mp
os
it
io
n,
and
wa
te
r
ch
em
is
tr
y.
Me
ta
ls
ma
y
be
pr
es
en
t
in
hi
gh
co
nc
en
tr
at
io
ns
in
ro
ck
s
or
se
di
me
nt
,
but
in
re
la
ti
ve
ly
in
so
lu
bl
e
for
ms.
Mos
t
met
als
are
of
low
sol
ubi
lit
y.
Cer
tai
n
met
al—
org
ani
c
com
pou
nds
are
mor
e
so
lu
bl
e,
bu
t
th
e l
ow
or
ga
ni
c
co
nt
en
t
of
th
e
wa
te
rs
of
th
e
Up
pe
r
La
ke
s
li
mi
ts
such occurrences.
810
2
is
ult
ima
tel
y
der
ive
d
fro
m
the
sil
ice
ous
cru
st
of
the
ear
th.
How
—
eve
r,
the
sma
ll
siz
e
of
the
dra
ina
ge
bas
in
lim
its
the
tim
e
of
con
tac
t
of
ru
no
ff
an
d
tr
ib
ut
ar
y
wa
te
r
wi
th
si
li
ce
ou
s
ro
ck
s
an
d
se
di
me
nt
s.
Thu
s,
thi
s
fa
ct
or
,
pl
us
the
di
at
om
po
pu
la
ti
on
in
the
lak
e,
mo
re
st
ro
ng
ly
in
fl
ue
nc
e
the
co
nc
en
tr
at
io
n
of
Si0
2
in
wa
te
r
th
an
ro
ck
or
se
di
me
nt
typ
e.
On
ly
bi
ca
rb
on
at
e
io
n
(r
ep
or
te
d
as
al
ka
li
ni
ty
)
ca
n
be
sa
id
to
ha
ve
it
s
ab
un
da
nc
e
in
th
e
wa
te
r
do
mi
na
te
d
by
the
ba
si
n
ro
ck
typ
e
and
se
di
me
nt
mi
ne
ra
l
co
mp
os
it
io
n.
Th
e
hi
gh
er
al
ka
li
ni
ti
es
of
La
ke
Mi
ch
ig
an
an
d
La
ke
Hu
ro
n
wa
te
rs
ar
e
a
di
re
ct
re
su
lt
of
the
pr
es
en
ce
of
ca
rb
on
at
e
mi
ne
ra
ls
in
the
be
dr
oc
k
an
d
the
se
di
me
nt
s
of their basins.
NEARSHORE REGIONS
Th
e
se
di
me
nt
s
al
on
g
mo
st
of
th
e
ne
ar
sh
or
e
ar
ea
s
of
La
ke
Su
pe
ri
or
,
La
ke
Hur
on
,
an
d
Ge
or
gi
an
Ba
y
ar
e
co
mp
ri
se
d
of
sa
nd
an
d
gr
av
el
an
d
ar
e
lo
w
in
or
ga
ni
c
ma
tt
er
.
Th
e
ma
jo
r
ex
ce
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io
n
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the
re
d
cl
ay
ar
ea
al
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g
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Wi
sc
on
si
n
sh
or
el
in
e
of
La
ke
Su
pe
ri
or
.
Ne
ar
sh
or
e
se
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me
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s
we
re
an
al
yz
ed
for
zin
c,
ca
dm
iu
m,
lea
d,
me
rc
ur
y,
cop
per
,
ch
ro
mi
um
,
ni
ck
el
,
an
d
iro
n.
In
ge
ne
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l,
co
nc
en
tr
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io
ns
fo
un
d
we
re
le
ss
th
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the
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nd
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g
op
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ke
s
val
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.
Ne
ar
sh
or
e
se
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me
nt
s
we
re
al
so
an
al
yz
ed
for
PC
B'
s,
DD
T
an
d
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de
ri
va
ti
ve
s,
and other selected organic compounds.
Se
di
me
nt
s
ne
ar
in
du
st
ri
al
and
po
pu
la
ti
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ce
nt
re
s
ha
ve
a
hi
gh
er
ac
cu
mu
—
la
ti
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of
he
av
y
me
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lan
d
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ga
ni
c
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nt
am
in
an
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,
due
to
pa
st
an
d
pr
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en
t
di
sc
ha
rg
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in
th
es
e
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ea
s
an
d
be
ca
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e
ha
rb
ou
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an
d
em
ba
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en
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ac
t
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ef
fe
c—
ti
ve
se
di
me
nt
at
io
n
ba
si
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due
to
po
or
wa
te
r
ex
ch
an
ge
wi
th
ot
he
r
pa
rt
s
of
the
lake.
LAKE SUPERIOR
Th
e
ta
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di
sc
ha
rg
ed
by
Re
se
rv
e
Mi
ni
ng
Co
mp
an
y
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ve
r
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e
la
ke
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tt
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h
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at
le
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t
0.
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cm
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an
ar
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130
kmz
,
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d
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il
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ar
e
fO
un
d
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e
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e
en
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re
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er
n
ar
m
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La
ke
Su
pe
ri
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d
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mo
st
to
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Ke
we
en
aw
Pe
ni
ns
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a
(F
ig
ure
6—1
4).
Fi
br
e
co
un
ts
les
s
th
an
W2
0
X
10
9/
g
of
se
di
me
nt
ca
n
be
co
ns
id
er
ed
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ba
ck
gr
ou
nd
or
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e—
Re
se
rv
e
Mi
ni
ng
di
sc
ha
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e.
Th
e
se
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d
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e
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ng
co
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n
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er
n
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th
e
we
st
er
n
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La
ke
Su
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or
.
Th
es
e
ta
il
in
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ca
n
be
re
su
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en
de
d
du
ri
ng
st
or
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d
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e
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st
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m
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br
e
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nt
en
t
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s
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nt
am
in
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io
n
of
pu
bl
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wa
te
r
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pp
li
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Th
e
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de
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so
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if
t
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th
e
be
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mm
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d
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 Ne
ar
sh
or
e
se
di
me
nt
s
be
tw
ee
n
Ni
pi
go
n
Ba
y
an
d
Ma
ra
th
on
co
nt
ai
n
me
rc
ur
y
co
nc
en
tr
at
io
ns
mo
re
th
an
do
ub
le
th
e
op
en
la
ke
se
di
me
nt
va
lu
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04
pg
/k
g
Us
.
83
ug
/k
g)
.
PC
B
va
lu
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in
th
is
ar
ea
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er
ag
ed
34
ng
/k
g
(m
ax
im
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25
0
ug
/k
g)
.
Se
di
me
nt
s
wi
th
in
Pe
ni
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a
Ha
rb
ou
r
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Ma
ra
th
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nt
ai
ne
d
th
e
hi
gh
es
t
me
rc
ur
y
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8.
3
mg
/k
g)
an
d
th
e
hi
gh
es
t
PC
B
(6
50
0
ug
/k
g)
co
nc
en
tr
at
io
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fo
un
d
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La
ke
Su
pe
ri
or
.
Th
e
me
rc
ur
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th
e
re
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pa
st
di
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rg
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fr
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e
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n
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Ca
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d.
ch
lo
r-
al
ka
li
pl
an
t.
Th
e
av
er
ag
e
me
rc
ur
y
co
nc
en
—
tr
at
io
n
at
Ja
ck
fi
sh
Ba
y
wa
s
28
0
ug
/k
g
an
d
at
Th
un
de
r
Ba
y
21
7
ug
/k
g;
th
es
e
le
ve
ls
ar
e
al
so
at
tr
ib
ut
ab
le
to
pa
st
lo
ss
es
fr
om
ch
lo
r—
al
ka
li
or
pu
lp
an
d
paper mill operations.
Se
di
me
nt
s
at
Du
lu
th
—S
up
er
io
r
Ha
rb
or
,
Ni
pi
go
n
Ba
y,
On
to
na
go
n,
an
d
Mu
ni
si
ng
al
so
co
nt
ai
n
hi
gh
le
ve
ls
of
or
ga
ni
c
co
nt
am
in
an
ts
re
la
te
d
to
mu
ni
ci
pa
l
an
d/
or
in
du
st
ri
al
so
ur
ce
s
up
st
re
am
.
Se
di
me
nt
s
at
On
to
na
go
n
an
d
at
Mu
ni
si
ng
ex
ce
ed
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
dr
ed
gi
ng
gu
id
el
in
es
fo
r
ch
em
ic
al
ox
yg
en
de
ma
nd
an
d
fo
r
to
ta
l
Kj
el
da
hl
ni
tr
og
en
.
Sa
mp
le
s
of
se
di
me
nt
s
at
Mu
ni
si
ng
co
nt
ai
n
ph
th
al
at
es
up
to
41
00
ug
/k
g
as
we
ll
as
el
ev
at
ed
le
ve
ls
of
oi
l
an
d
gr
ea
se
.
\
Th
e
av
er
ag
e
zi
nc
co
nc
en
tr
at
io
n
in
th
e
se
di
me
nt
s
of
Th
un
de
r
Ba
y
(1
14
mg
/k
g)
wa
s
ab
ov
e
th
e
op
en
la
ke
av
er
ag
e.
Al
so
,
th
e
co
nc
en
tr
at
io
ns
of
zi
nc
an
d
le
ad
ex
ce
ed
ed
th
e
U.
S.
EP
A
dr
ed
gi
ng
gu
id
el
in
es
(b
ot
h
50
mg
/k
g)
at
Mu
ni
si
ng
wh
il
e
th
e
co
pp
er
co
nc
en
tr
at
io
n
in
th
e
se
di
me
nt
s
wa
s
as
hi
gh
as
15
0
mg
/k
g,
co
mp
ar
ed
to
th
e
La
ke
Su
pe
ri
or
av
er
ag
e
of
82
mg
/k
g.
Th
e
se
di
me
nt
s
in
th
e
Up
pe
r
Po
rt
ag
e
En
tr
y
ha
ve
co
pp
er
co
nc
en
tr
at
io
ns
as
hi
gh
as
28
0
mg
/k
g,
wh
ic
h
is
re
la
te
d
to
th
e
hi
st
or
ic
al
co
pp
er
mi
ni
ng
in
th
e
ar
ea
.
LAKE HURON
Th
e
mo
st
im
pa
ct
ed
se
di
me
nt
s
ar
e
fo
un
d
in
Sa
gi
na
w
Ba
y.
Th
e
sp
at
ia
l
va
ri
at
io
n
of
me
ta
ls
,
tr
ac
e
or
ga
ni
cs
,
an
d
nu
tr
ie
nt
s
sh
ow
s
th
e
st
ro
ng
in
fl
ue
nc
e
of
th
e
po
ll
ut
ed
Sa
gi
na
w
Ri
ve
r.
Ex
tr
em
el
y
hi
gh
va
lu
es
in
th
e
ri
ve
r
de
cr
ea
se
ma
rk
ed
ly
in
th
e
in
ne
r
ba
y
an
d
gr
ad
ua
ll
y
de
cr
ea
se
fu
rt
he
r
ou
t
to
th
e
mo
ut
h
of
th
e
ba
y.
EP
A
se
di
me
nt
gu
id
el
in
es
fo
r
zi
nc
,
le
ad
,
to
ta
l
Kj
el
da
hl
ni
tr
og
en
(1
00
0
mg
/k
g)
,
an
d
ch
em
ic
al
ox
yg
en
de
ma
nd
(5
0,
00
0
mg
/k
g)
ar
e
ex
ce
ed
ed
in
sa
mp
le
s
ta
ke
n
in
or
ne
ar
th
e
Sa
gi
na
w
Ri
ve
r.
Se
di
me
nt
va
lu
es
fo
r
pe
st
ic
id
es
an
d
PC
B'
s
we
re
al
l
be
lo
w
th
e
an
al
yt
ic
al
de
te
ct
io
n
li
mi
t
ex
ce
pt
fo
r
di
bu
ty
l
ph
th
al
at
es
wh
ic
h
va
ri
ed
in
co
nc
en
tr
at
io
n
fr
om
29
0
ug
/k
g
in
th
e
ri
ve
r
mo
ut
h
to
le
ss
th
an
20
0
ug
/k
g
in
th
e
ou
te
r
ba
y.
Th
e
St
.
Ma
ry
s
Ri
ve
r
se
di
me
nt
s
ha
ve
hi
gh
le
ve
ls
of
zi
nc
an
d
ir
on
,
es
pe
c—
ia
ll
y
on
th
e
On
ta
ri
o
si
de
;
th
es
e
ar
e
at
tr
ib
ut
ab
le
to
di
sc
ha
rg
es
fr
om
Al
go
ma
St
ee
l
Co
mp
an
y.
Ir
on
co
nc
en
tr
at
io
ns
in
su
rf
ic
ia
l
se
di
me
nt
s
av
er
ag
ed
34
%
by
we
ig
ht
in
th
e
fi
rs
t
3
km
do
wn
st
re
am
fr
om
Al
go
ma
St
ee
l
wi
th
a
ma
xi
mu
m
of
46
%
bu
t
de
cr
ea
se
d
to
1.
3%
in
Li
tt
le
La
ke
Ge
or
ge
.
Zi
nc
wa
s
tr
an
sp
or
te
d
fa
rt
he
r
do
wn
st
re
am
wi
th
le
ve
ls
in
th
e
La
ke
Ge
or
ge
Ch
an
ne
l
av
er
ag
in
g
33
5
mg
/k
g
wi
th
a
ma
xi
mu
m
of
50
0
mg
/k
g.
Mo
de
ra
te
ly
hi
gh
le
ve
ls
of
ir
on
an
d
zi
nc
we
re
fo
un
d
in
th
e
se
di
me
nt
s
on
th
e
U.
S.
si
de
of
th
e
ri
ve
r
su
gg
es
ti
ng
po
ss
ib
le
tr
an
sb
ou
nd
ar
y
mo
ve
me
nt
of
co
nt
am
in
an
ts
.
Th
e
be
nt
hi
c
ma
cr
oi
nv
er
te
br
at
e
co
mm
un
it
y
im
me
di
at
el
y
do
wn
st
re
am
fr
om
th
e
so
ur
ce
s
of
co
nt
am
in
at
io
n
ap
pe
ar
ed
se
ve
re
ly
di
sr
up
te
d,
in
di
ca
ti
ng
a
di
re
ct
to
xi
ci
ty
fr
om
ir
on
,
zi
nc
,
cy
an
id
e,
an
d
ph
en
ol
ic
co
mp
ou
nd
s
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found
accumulating
at
high
concentrations
in
the
sediments.
No
abnormal
conditions
were
detected
in
the
benthic
fauna
surveyed
on
the
U.S.
side
of
the river.
Several
other
harbours
and
embayments
exhibit
elevated
concentrations
of
metals.
Collingwood Harbour
sediments
have
high
concentrations
of
zinc
(117
mg/kg),
cadmium
(4.2
mg/kg),
and
lead
(162
mg/kg);
these
can
be
related
to
shipbuilding
operations.
Zinc
concentrations
are
also
high
in
sediments
at
Penetang,
Midland,
Parry
Sound
Harbour,
Lexington,
and
Harbor
Beach.
Mining
activities
and
mineralization
in
the
Spanish
and
Serpent
River
Basins
have
resulted
in high
nickel
concentrations
in
the North
Channel sediments
(110
mg/kg)
and
in
Serpent Harbour
(104 mg/kg).
The
impact
of
these concentra—
tions
is unknown
since
criteria
have
not been
established.
PCB's have
beendetected in nearshore Lake Huron sediments at Harbor
Beach
(18 Ug/kg),
Ausable River mouth
(36 ug/kg),
Bayfield River mouth
(94
ug/kg), Spanish River mouth (68 ug/kg), and in Georgian Bay (6 samples ave—
raged 40 pg/kg).
Sediments from the Spanish River mouth also contained small
amounts of DDT and its metabolites (5 pg/kg).
DDT concentrations were gener—
ally low throughout Lake Huron, with the highest concentrations found off
Presque Isle (16.3 Ug/kg) and Alpena (30.7 Ug/kg).
Dredge spoil guidelines
for oil and grease were exceeded at Cheboygan, Alpena, and Harbor Beach.
CHEMICAL LIMNOLOGY
SEGMENTATION
In order to reflect the regional differences in water quality and to
facilitate the presentation of findings, the Reference Group divided both the
nearshore and the open water areas of the Upper Lakes into segments; this is
discussed further in Chapter 4. The nearshore segmentation for Lake Huron
and Lake Superior is shown in Figures 6-15 and 6—16, respectively. The open
water segmentation for Lake Superior, Lake Huron, theNorth Channel, and
Georgian Bay is shown in Figures 4—1 and 4—2.
Division was justified on a number of grounds. First, the water chemistry
and biology in different parts of a lake are frequently different. Therefore,
it would be misleading to combine measurements from different parts of a lake
into one average value. Such an overall average mightmask an unusually high
or low value in one area of a lake. Segmentation also allows quantitative
tests to be made to determine if apparent differences between areas of a lake
are statistically real or simply within the expected range of variation.
Segmentation will allow future changes in water quality or biology to be
quantitatively assessed, even if the changes occur in restricted areas. By
knowing the present quality of a small area of water, comparisons with future
water quality in that same small area can be made and changes detected.
Without segmentation, changes in 10ca1ized areas or even large regions might
well be lost in an average value for a large mass of data. Finally, segmenta—
tion is viewed as a convenient, efficient, understandable, and objective way
of analyzing and presenting a large volume of data.
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 LA
KE
HU
RO
N,
GE
OR
GI
AN
BA
Y;
AN
D
NO
RT
H
CH
AN
NE
L
Th
e
ch
em
ic
al
li
mn
ol
og
y
of
La
ke
Hu
ro
n,
Ge
or
gi
an
Ba
y,
an
d
th
e
No
rt
h
Ch
an
ne
l
va
ri
es
wi
th
ge
og
ra
ph
ic
al
re
gi
on
.
Ge
ne
ra
ll
y,
wa
te
r
en
te
ri
ng
La
ke
Hu
ro
n
an
d
th
e
No
rt
h
Ch
an
ne
l
fr
om
La
ke
Su
pe
ri
or
is
lo
we
r
in
di
ss
ol
ve
d
su
bs
ta
nc
es
th
an
th
e
re
st
of
th
e
la
ke
,
wh
il
e
wa
te
r f
ro
m
La
ke
Mi
ch
ig
an
is
hi
gh
er
.
Th
es
e
di
ff
er
-
en
ce
s
ar
e
at
tr
ib
ut
ed
to
th
e
di
ff
er
en
t
ge
ol
og
y
of
th
es
e
tw
o
fe
ed
er
la
ke
s.
Re
ac
ti
ve
si
li
ca
te
in
wa
te
r
fr
om
La
ke
Su
pe
ri
or
is
hi
gh
er
be
ca
us
e
of
th
e
si
li
c—
eo
us
su
bs
tr
at
a.
Nu
tr
ie
nt
s
in
su
rf
ac
e
wa
te
r
de
ri
ve
d
fr
om
La
ke
Mi
ch
ig
an
ar
e
lo
w
in
su
mm
er
du
e
to
bi
ol
og
ic
al
de
pl
et
io
n.
Sa
gi
na
w
Ba
y
st
ro
ng
ly
in
fl
ue
nc
es
th
e
ch
em
ic
al
li
mn
ol
og
y
of
so
ut
he
rn
La
ke
Hu
ro
n.
Th
us
,
La
ke
Hu
ro
n
is
no
t
i
ho
mo
ge
ne
ou
s
ei
th
er
ho
ri
zo
nt
al
ly
or
ve
rt
ic
al
ly
.
Ce
nt
ra
l
La
ke
Hu
ro
n
(S
eg
me
nt
6)
re
ce
iv
es
no
di
re
ct
ma
jo
r
in
pu
t
an
d,
be
ca
us
e
of
it
s
ci
rc
ul
at
io
n,
it
s
wa
te
rs
ar
e
we
ll
mi
xe
d
an
d
it
s
ch
em
ic
al
ch
ar
ac
—
te
ri
st
ic
s
ar
e
in
te
rm
ed
ia
te
to
th
os
e
of
La
ke
Mi
ch
ig
an
,
La
ke
Su
pe
ri
or
,
an
d
‘
Ge
or
gi
an
Ba
y.
Th
is
se
gm
en
t
is
co
ns
id
er
ed
re
pr
es
en
ta
ti
ve
to
de
sc
ri
be
th
e
is
.
ch
em
is
tr
y
of
th
e
ma
in
bo
dy
of
La
ke
Hu
ro
n,
an
d
ot
he
r
ar
ea
s
ar
e
co
mp
ar
ed
wi
th
i
‘
i
t
.
 
Ge
or
gi
an
Ba
y
li
es
as
tr
id
e
a
ma
jo
r
ge
ol
og
ic
al
bo
un
da
ry
.
It
s
no
rt
h
an
d
ea
st
co
as
ts
ar
e
bo
rd
er
ed
by
si
li
ca
—r
ic
h
sc
hi
st
s
an
d
gn
ei
ss
es
,
wh
il
e
it
s
so
ut
h
an
d
we
st
co
as
ts
ar
e
un
de
rl
ai
n
by
ca
rb
on
at
e—
ri
ch
li
me
st
on
es
an
d
sh
al
es
.
Th
es
e
ge
ol
og
ic
al
di
ff
er
en
ce
s
ar
e
ma
ni
fe
st
ed
as
ch
em
ic
al
di
ff
er
en
ce
s
in
th
e
wa
te
r
in
di
ff
er
en
t
re
gi
on
s
of
th
e
ba
y.
Th
e
in
te
rc
ha
ng
e
of
wa
te
r
wi
th
La
ke
Hu
ro
n
an
d
th
e
No
rt
h
Ch
an
ne
l
al
so
in
fl
ue
nc
es
th
e
ch
em
is
tr
y
of
Ge
or
gi
an
Ba
y.
Se
gm
en
t
17
is
co
ns
id
er
ed
re
pr
es
en
ta
ti
ve
to
de
sc
ri
be
th
e
ch
em
is
tr
y
of
Ge
or
gi
an
Ba
y.
,
.
.
4
1
“
.
-
s
t
g
:
.
_
.
.
g
.
t
.
.
.
A
m
p
-
w
.
‘
m
.
.
.
.
.
.
.
'
Th
e
No
rt
h
Ch
an
ne
l
is
su
bj
ec
t
to
th
e
in
fl
ow
s
of
th
e
St
.
Ma
ry
s,
Se
rp
en
t,
Mi
ss
is
sa
gi
,
an
d
Sp
an
is
h
ri
ve
rs
,
wh
os
e
co
mb
in
ed
di
sc
ha
rg
e
in
to
th
e
ch
an
ne
l
in
on
e
ye
ar
to
ta
ls
al
mo
st
ha
lf
of
th
e
ch
an
ne
l'
s
vo
lu
me
.
Wh
en
ad
de
d
to
th
e
ne
t
Ge
or
gi
an
Ba
y
in
fl
ow
th
is
le
ad
s
to
an
ex
tr
em
el
y
sh
or
t
re
si
de
nc
e
ti
me
(2
ye
ar
s)
an
d
a
hi
gh
ly
va
ri
ab
le
wa
te
r
ch
em
is
tr
y.
Wh
en
co
ns
id
er
in
g
th
e
ch
em
is
tr
y
of
th
e
No
rt
h
Ch
an
ne
l,
em
ph
as
is
is
pl
ac
ed
on
co
nc
en
tr
at
io
n
ra
ng
es
ov
er
th
e
wh
ol
e
wa
te
r
bo
dy
,
ra
th
er
th
an
on
th
e
me
an
co
nc
en
tr
at
io
ns
in
an
y
on
e
zo
ne
.
NUTRIENTS
Open Waters
Ta
bl
es
6—
9
an
d
6—
10
su
mm
ar
iz
e
th
e
ma
jo
r
ch
em
ic
al
pr
op
er
ti
es
of
th
e
ep
il
im
ni
on
of
ce
nt
ra
l
La
ke
Hu
ro
n
(S
eg
me
nt
6)
an
d
of
ce
nt
ra
l
Ge
or
gi
an
Ba
y
(S
eg
me
nt
17
),
re
sp
ec
ti
ve
ly
.
Ph
os
ph
or
us
is
of
te
n
co
ns
id
er
ed
th
e
li
mi
ti
ng
nu
tr
ie
nt
fo
r
al
ga
l
gr
ow
th
.
‘M
ea
n
se
as
on
al
co
nc
en
tr
at
io
ns
of
to
ta
l
ph
os
ph
or
us
in
ce
nt
ra
l
La
ke
Hu
ro
n
an
d
th
e
No
rt
h
Ch
an
ne
l
ar
e
W0
.O
OS
mg
/Q
wh
il
e
Ge
or
gi
an
Ba
y
le
ve
ls
av
er
ag
e
ab
ou
t
0.
00
45
mg
/Q
.
Me
an
di
ss
ol
ve
d
re
ac
ti
ve
ph
os
ph
at
e
co
nc
en
tr
at
io
ns
fo
r
al
l
th
re
e
ar
ea
s
ar
e
$0
.0
01
mg
/l
;
lo
we
st
va
lu
es
oc
cu
r
in
la
te
su
mm
er
.
To
ta
l
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
ne
ar
Sa
gi
na
w
Ba
y
ar
e
hi
gh
er
th
an
in
ce
nt
ra
l
La
ke
Hu
ro
n,
as
ar
e
co
nc
en
tr
at
io
ns
in
th
e
re
gi
on
re
ce
iv
in
g
in
pu
ts
fr
om
La
ke
Mi
ch
ig
an
.
Si
mi
la
rl
y,
th
e
Ki
ll
ar
ne
y
Ba
y
an
d
Fr
en
ch
Ri
ye
r
ar
ea
s
of
Ge
or
gi
an
Ba
y
ex
hi
bi
t
hi
gh
er
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
.
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 TABLE 6-9
NUTRIENT
CONCENTRATIONS
IN
THE
EPILIMNION
OF
CENTRAL
LAKE
HURON
(SEGMENT
6)a
 
PARAMETER
WINTER
SPRING
SUMMER
FALL
Total
0.0024
0.0054
0.0044
0.0056
Phosphorus
(18)
(94)
(58)
(30)
(mg P/R)
[0.0009]
[0.0023]
[0.0015]
[0.0008]
Total Dissolved
0.0012
0.0032
0.0028
0.0033
Phosphorus
(18)
(92)
(59)
(30)
(mg P/R)
[0.0005]
[0.0017]
[0.0009]
[0.0005]
Dissolved Reactive
0.0009
0.0007
0.0007
Phosphate
—
(71)
(47)
(28)
(mg P/R)
[0.0005]
[0.0003]
[0.0003]
Dissolved Nitrate
0.2759
0.2824
0.2326
0.2518
+ Nitrite
(18)
(98)
(58)
(30)
(mg N/R)
[0.0079]
[0.0375]
[0.0536]
[0.0309]
Dissolved
0.0061
0.0050
0.0037
Ammonia
—
(98)
(58)
(21)
(mg N/R)
[0.0058]
[0.0036]
[0.0019]
Dissolved Reactive
1.93
1.46
1.11
1.37
Silicate
(18)
(98)
(58)
(30)
(mg SiOz/R)
[0.17]
[0.32]
[0.28]
[0.77]
Dissolved 13.5 13.2 10.0 11.4
Oxygen
(18)
(71)
(47)
(30)
(mg/2) [0.3] [1.0] [0.9] [0.8]
pH 7.7 8.3 8.3 8.3
(18) (98) (59) (30)
[0.0] [0.1] [0.1] [0.1]
       
aThe three values represent the arithmetic mean; the number of samples,
in parentheses; and the standard deviation, in brackets.
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 TABLE 6-10
NU
TR
IE
NT
CO
NC
EN
TR
AT
IO
NS
IN
TH
E
EP
IL
IM
NI
ON
OF
CE
NT
RA
L
GE
OR
GI
AN
BA
Y
(S
EG
ME
NT
l7)
DU
RI
NG
19
74
a
        
APR
IL
28
MAY
18
JUN
E 1
8
JUL
Y 2
8
SEPT
. 1
OCT.
6
DEC.
5
T0
T0
T0
T0
T0
T0
T0
PAR
AME
TER
MAY
2
MAY
23
JUN
E 2
2
AUG
.
2
SEP
T.
5
OCT
.
11
DEC
.
7
Total
Pho
sph
oru
s
0.0
079
0.0
038
0.0
046
0.0
039
0.0
028
0.0
050
0.0
048
(mg P/R)
Total Dissolved
Pho
sph
oru
s
0.0
061
0.0
019
0.0
023
0.0
025
0.0
017
0.0
033
0.0
029
(m2 P/R)
Dissolved
Reactive
Pho
sph
ate
0.0
014
0.0
006
0.0
006
0.0
004
0.0
006
0.0
007
0.0
010
(mg P/Q)
Dissolved Nitrate
+ N
itr
ite
0.2
56
0.2
52
0.2
44
0.2
07
0.2
05
0.2
13
0.2
82
(mg N/Q)
Dissolved
Amm
oni
a
0.0
030
0.0
031
0.0
041
0.0
023
0.0
040
0.0
030
—
(mg N/R)
Dissolved
Reactive
Sil
ica
te
1.3
5
1.4
1
1.3
0
0.9
3
0.7
8
0.9
6
1.2
9
(mg Sioz/Q)
Dissolved
Oxy
gen
14.
0
13.
8
13.1
9.6
9.3
10.7
12.
0
(mg/R)
pH
8.2
4
8.27
7.96
8.1
6
8.4
3
8.2
8
8.1
2
a.
Val
ues
rep
res
ent
the
vol
ume
wei
ght
ed
mea
ns
ove
r t
he
top
10
m o
f t
he
water column.
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 N
i
t
r
o
g
e
n
c
o
m
p
o
u
n
d
s
a
r
e
a
l
s
o
i
m
p
o
r
t
a
n
t
in
a
l
g
a
l
g
r
o
w
t
h
.
N
i
t
r
a
t
e
c
o
n
c
e
n
—
t
r
a
t
i
o
n
s
in
L
a
k
e
H
ur
o
n
,
G
e
o
r
g
i
a
n
Bay,
a
n
d
the
N
o
r
t
h
C
h
a
n
n
e
l
are
high,
a
v
e
r
a
g
i
n
g
>
0
.
2
7
mg/l,
w
i
t
h
s
i
g
n
i
f
i
c
a
n
t
d
e
p
l
e
t
i
o
n
o
c
c
u
r
r
i
n
g
d
u
r
i
n
g
the
s
u
m
m
e
r
b
i
o
l
o
g
i
c
a
l
g
r
o
wt
h
.
T
h
e
a
m
m
o
n
i
a
c
h
e
m
i
s
t
r
y
in
the
N
o
r
t
h
C
h
a
n
n
e
l
r
e
f
l
e
c
t
s
the
i
n
f
l
u
e
n
c
e
of
t
h
e
St.
M
a
r
y
s
River,
w
h
i
c
h
r
e
c
e
i
v
e
s
w
a
s
t
e
i
n
p
ut
s
f
r
o
m
A
l
g
o
m
a
S
t
e
e
l
C
o
r
p
o
r
a
t
i
o
n
in
S
a
u
l
t
Ste.
M
a
r
i
e
;
a
n
d
the
m
i
n
i
n
g
s
o
u
r
c
e
s
d
i
s
c
h
a
r
g
i
n
g
to
the
S
p
a
n
i
s
h
and
Serpent
Rivers.
A
m
m
o
n
i
a
concentrations
as
high
as
0.064
mg/R
were
measured
w
h
e
r
e
the
St.
M
a
r
ys
River
enters
the
North
Channel;
distinct
seasonal
trends
are evident.
R
e
a
c
t
i
v
e
s
i
l
i
c
a
t
e
is
an
i
m
p
o
r
t
a
n
t
n
u
t
r
i
e
n
t
for
the
g
r
o
w
t
h
of
d
i
a
t
o
m
algae.
In
central
Lake
Huron,
average
seasonal
dissolved
reactive
silicate
c
o
n
c
e
n
t
r
a
t
i
o
n
s
range
b
e
t
we
e
n
1.1
and
1.9
mg/R.
The
North
Channel
concen—
trations
range
from
2.0
to
2.3
mg/R
due
to
the
influence
of
Lake
Superior,
wh
i
l
e
in
G
e
o
r
g
i
a
n
Bay
levels
range
from
0.8
to
1.4
mg/R.
D
i
s
s
o
l
ve
d
oxygen
in
the
open
waters
of
Lake
Huron,
the
North
Channel,
and
Georgian
Bay
is
always
at
or
near
saturation.
The
lowest
value
measured
was
7.5
mg/Q.
Values
for
pH
are
also
always
within
acceptable
ranges.
Almost
constant
pH
values
are
found
in
central
Lake
Huron,
never
averaging
less
than
7.7
nor
more
than
8.3.
In
most
of
the
North
Channel
pH
is
between
7.8
and
8.2
while
in
Georgian
Bay
most
measurements
range
between
8.0
and
8.4.
Nearshore waters
The
measured
values
of
materials
in
the
nearshore
segments
are
summarized
in
Volume
II,
Chapter
4.
Generally,
the
nearshore
waters
in
all
three
basins
are
oligotrophic.
The
mean
annual
total
phosphorus
level
is
usually
<0.02
mg/l
in
all
nearshore
zones
(excluding
embayments)
(Figure
6—15).
The
annual
mean
total
nitrogen
concentration
ranged
from
0.356
to
0.647
mg/R.
The
ave—
rage
annual
concentrations
of
reactive
silicate
varied
from
0.7
to
1.9
mg/R
with
the
highest
levels
observed
again
in
the
North
Channel.
Average
chlorophyll
a
concentrations
in
the
surface
waters
of
the
near—
shore
areas
of
Lake
Huron
range
from
0.7
to
3.7
ug/Q.
The
highest
levels
were
observed
north
and
south
of
Saginaw
Bay
(3.7
Ug/R);
the
significant
north-to—
south
increase
in
chlorophyll
a
is
attributable
to
the
flushing
of
nutrient—
rich
waters
from
Saginaw
Bay
into
Lake
Huron.
Chlorophyll
a
is
discussed
further
in
the
Aquatic
Biology
section
of
this
chapter.
LocaZ IMpacted Areas
Total
phosphorus
levels
throughout
the
St.
Marys
River
generally
were
comparable
with
those
observed
at
the
headwaters
of
the
river
(0.017
mg/l).
Ammonia,
from
the
operations
at
Algoma
Steel,
declined
from
0.4
mg/R
near
the
plant's
main
outfall
to
0.2
mg/£
at
the
beginning
of
the
Lake
George
Channel.
Levels
in
the
channel
also
rose
to
0.4
mg/R
just
downstream
from
the
wastewater
treatment
plant
at
Sault
Ste.
Marie,
Ontario.
Among
the
Georgian Bay
embayments,
Collingwood
had
the highest
level
of
total
phosphorus;
concentrations
were
sufficiently
high
to support
nuisance
weed and algal growths.
93
  
    
 
         
aa~
u
n
m
P
‘
1
j
_
-
—
—
_
_
1
0
oo
mm
o
I
Al
1
i
01
2.
01
1.
01
2
o
n
.1
I 000 .002 .000 000
um 00: 00: .00: 002
Mu 031 .100 .036 100
n
59
a:
20
us
‘
X
x
F
.
.
j
u
x.
\
‘
1
‘
v
‘ -
\
L ,
». 1‘
,
ONT
AHI
O
‘
,1
“
‘\
\
\ \
x
. ‘
.
5.
svn
su
m
FAL
L
ANN
,
A
8
T
I
‘6
o
i
00
5
00
5
00
5
00
0
uv
‘
a
s
.004
001
.002
.003
T‘
1
/ M n 00‘ 003 003 .003 1‘
B
nu
on
.00
0
020
,02
1
‘
a.
n
1
92
19
no
i
:
)
Q
E
I
.
/
\1
1
° T
/
y
z/
.
i
ONTARIO
 
 
 
          
In. .042 .050 .025 .050
    
MI
CH
IG
AN
G
5"
.
FAL
L
ANN
.
‘
5"”. FALL ANN
‘
:3:
:3:
2;:
—
I
.
g
:3
3:
:3
3:
'
Mm
00
4
.0
00
00
4
v
a
‘
‘
um
.0
0:
.0
0:
In
-
03
1
Au
g
0;
;
D
I
‘
‘
Mn
.02
:
.00
0
Q
‘
1
n
2‘ 2
0
I
MIC
HIG
AN
I
I
59!
.
FAL
L
MN
D
1
k
on
.
su
n.
FA
LL
AN
N.
I
2
as
.
,3
.
4,
3:
I
l
I
!
3 O 5 . 3 .0
1'
.0
10
.0
12
.00
0
.01
0
w.
no
,
.0
0
.0
0,
C
l
0
.0
11
.0
13
.0
00
.0
10
:0
:
01
3.
0}
:
.0
33
‘
us.
..
.0
02
.0
00
.00
3
.00
2
sm
om
AS
IO
MN
I
.
1
   
  
        
"
1°
’3
w
57
‘\
I
i
,00
7
,00
4 .
005
\
5
07
.00
3
05
4
I“
00
:
.0
01
00
1
I
‘\
Mal
020
.O‘l
‘
020
7:
432
1.0
29
112
0.0
20
H
1'5
‘
°
°
‘5’
a
.01
4
.01
5
.01
2
.01
4
L‘
. ,
’
.4-
II». .000 .004 .011 .004 x,’
In.
.05
4 .
000
,00
0 .
000
2
/
ONT
ARI
O
n
34
u
25
101
,'
'
5"»
x /3
\x I
1*:
su
m
su
n.
FA
LL
MN
.
I
i
.0
00
.0
51
.0
40
.0
50
sv
n.
su
u.
nL
L
AN
N.
l .029 .027 .035 .030 Y .023 .012 .ou .010
Inn.
.026
.00
4 1
004
-00
4
s
.01
4
.011
.01
0 .
011
In.
.14
0
.11
0 .
100
.16
0
mm
.00
,
A,”
.00
. .
00;
n
:3
:0
II!
I1
In.
.0“
.on
.030
.0“
n 21 25 14 go
  
SFI. suI.FALL Ann.
I .000 .022 ,041 .030
s .010 013.009.1110
um. .021 .002 ,030 .002
Mu. .001 .050 .050 .001
n 1‘ u 10 a:
           
HGURE645
T
O
T
A
L
P
H
O
S
P
H
O
R
U
S
IN
N
E
A
R
S
H
O
R
E
E
P
I
L
I
M
N
E
T
I
C
W
A
T
E
R
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E
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G
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G
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A
N
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1
9
7
4
S
T
A
T
I
S
T
I
C
A
L
S
U
M
M
A
R
Y
Co
nc
en
tr
at
io
n
in
mg
P/
L.
Th
e
ne
ar
sh
or
e
zo
ne
ge
ne
ra
ll
y
ex
te
nd
s
of
fs
ho
re
ab
ou
t
3
km
or
to
a
wa
te
r
de
pt
h
of
ab
ou
t
15
m.
Wi
dt
hs
ar
e
no
t
to scale.
94
ﬁ—
Y
 
A
l
t
h
o
u
g
h
b
o
t
h
the
S
p
a
n
i
s
h
a
n
d
S
e
r
p
e
n
t
R
i
v
e
r
s
d
i
S
C
h
a
r
g
e
s
i
g
n
i
f
i
c
a
n
t
q
u
a
n
t
i
t
i
e
s
of
n
i
t
r
o
g
e
n
a
n
d
p
h
o
s
p
h
o
r
u
s
to
the
N
o
r
t
h
C
h
a
n
n
e
l
,
the
r
e
s
u
l
t
i
n
g
b
i
o
m
a
s
s
in
the
n
e
a
r
s
h
o
r
e
waters
is
not
sufficiently
elevated
to
cause
any
concern.
Similarly
Tobermory,
Southampton,
Parry
Sound,
Owen
Sound,
and
Port
E
l
g
i
n
d
i
s
p
l
a
y
no
s
i
g
n
i
f
i
c
a
n
t
n
u
t
r
i
e
n
t
e
n
r
i
c
h
m
e
n
t
.
At
G
o
d
e
r
i
c
h
,
l
e
ve
l
s
of
total
n
i
t
r
o
g
e
n
and
total
phosphorus
are
high,
especially
during
spring,
and
are
a
s
s
o
c
i
a
t
e
d
wi
t
h
the
discharge
of
the
Maitland
River.
The
most
serious
problem
is
the
enrichment
of
Saginaw
Bay
and
the
asso—
ciated
algal
blooms.
Total
phosphorus
concentrations
of
up
to
0.058
mg/Q
have
not
changed
from
1965
to
1974.
Three
additional
impacted
areas
are
Cheboygan,
Alpena,
and
Harbor
Beach.
Concentrations
of
phosphorus
and
nitrogen
compounds
are
elevated,
compared
to
the
adjacent
nearshore
waters.
MAJOR IONS
Major
ion
concentrations
and
specific
conductance
for
central
Lake
Huron
(Segment
6)
are
typical
for
Lake
Huron
waters
and
exemplify
the
excellent
water
quality
of
the
Upper
Lakes
(Table
6—11).
With
the
exception
of
alka—
linity,
concentrations
of
these
ions
do
not
vary
significantly
with
season.
Ion
concentrations
are
slightly
less
in
the
North
Channel
and
in
Georgian
Bay
(Table
6—12)
compared
to
Lake
Huron,
reflecting
the
effects
of
Lake
Michigan
Basin
chemistry
on,
and
increased
anthropogenic
loading
to
the
main
body
of
Lake Huron.
Along
the
shoreline
similar
inorganic
concentrations
are
found,
confirm—
ing
the
relatively
unaffected
nature
of
Lake
Huron,
the
North
Channel,
and
Georgian
Bay.
However,
mean
levels
of
22.2
mg/R
and
18
mg/2
chloride
were
reported
in
the
harbour
at
Goderich
in
the
spring
and
fall
of
1974,
respec—
tively.
Correspondingly
high
conductivity
values
were
also
reported.
The
elevated
conductivity
and
chloride
values
originate
from
the
Maitland
River,
which
drains
productive
agricultural
land
and
receives
wastes
from
a
salt
processing industry near the harbour.
Chloride is a major concern in Saginaw Bay.
The primary source is a
solution mining—chemical industry in the basin.
Controls instituted over the
last ten years have resulted in about a 50% reduction in chloride loads and
concentrations in the bay.
The two primary contributors, Dow Chemical Company
and Michigan Chemical reduced their loads by 450,000 and 45,000 kg/d, respect—
ively, since 1965.
TRACE ELEMENTS
Nickel, lead, manganese, cadmium, chromium, iron, and zinc concentrations
are uniform and below harmful levels in Lake Huron. High levels of copper
(>6 ug/R) have been found in central Lake Huron in the summer of both 1971
and 1974 for no known reason.
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TABLE 6-11
MAJOR ION CONCENTRATIONS IN THE EPILIMNION OF
CENTRAL LAKE HURON (SEGMENT 6)a
  
PAR
AME
TER
WIN
TER
SPR
ING
SUM
MER
FAL
L
F
Cal
ciu
m
24.
8
25.
6
—
—
_
(mg/1) (18) (18)
[0.5] [1.2]
Mag
nes
ium
7.8
6.6
7.0
(mg
/2)
(18
)
(18
)
(16
)
-
[0.2] [0.4] [0.8]
Sodium 3.1 3.0 3.2
(mg/
2)
(18)
(17)
(16)
—
[0.1] [0.2] [0.3]
Potassium 0.8 0.8 0.8
(mg/
Q)
(l8)
(l7)
(l6)
-
[0.04] [0.04] [0.08]
Alka
lini
ty
76.1
77.6
73.6
74.9
(mg
CaCO
a/R)
(18)
(81)
(52)
(30)
[0.8] [4.3] [6.5] [2.7]
Chlo
ride
5.7
5.4
5.2
5.3
(mg Cl/K) (18) (97) (58) (30)
[0.1] [0.4] [0.8] [0.2]
Sulphate 15.5 14.0 14.3 15.5
(mg SON/2) (18) (90) (53) (30)
[0.4] [2.4] [3.0] [0.4] {h_
Specific b 195 204 192 196
Conductance (18) (98) (59) (30)
(US/cm) [5.2]' [12.1] [18.5] [5.6]
     
a. The three values represent the arithmetic mean; the number of samples,
in parentheses; and the standard deviation, in brackets. Data are combined
from surveys in 1974 by CCIW, EPA, and GLRD.
b. Corrected to 25°C.
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TABLE 6-12
M
A
J
O
R
I
O
N
C
O
N
C
E
N
T
R
A
T
I
O
N
S
IN
T
H
E
E
P
I
L
I
M
N
I
O
N
O
F
C
E
N
T
R
A
L
G
E
O
R
G
I
A
N
B
A
Y
(
S
E
G
M
E
N
T
l
7
)
D
U
R
I
N
G
1
9
7
4
a
  
APRIL
28
MAY
18
JUNE
18
JULY
28
SEPT.
1
OCT.
6
DEC.
5
T0
T0
T0
T0
T0
T0
T0
PARAMETER
MAY
2
MAY
23
JUNE
22
AUG.
2
SEPT.
5
OCT.
11
DEC.
7
Calcium
—
23.8
—
—
24.1
-
—
(mg/£)
Magnesium
-
5.9
-
-
6.6
—
—
(mg/ 1%)
Sodium
-
2.8
—
—
2.8
-
—
(mg/ 3%)
Potassium
-
0.8
-
-
0.8
—
-
(1113/ IL)
Alkalinity
72.6
70.8
70.7
66.7
69.0
70.3
71.7
(mg CaC03/Z)
Chloride
4.8
4.8
4.8
4.6
4.9
4.8
4.8
(mg/ 5%)
Sulphate
15.5
15.7
15.6
14.6
15.7
15.6
15.9
(mg Sou/1)
Specific
Conductance
187
190
193
175
181
184
186
(118/ cm)
        
 
a.
Values
represent
the
volume
weighted
means
over
the
top
10
m
of
the
water column.
b. Corrected to 25°C.
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ORGANICS
PCB's,
organochlorine
pesticides,
and
organophosphorus
pesticides
were
sought
during
a
limited
open
water
sampling
program.
None
were
found,
except
for
lindane,
an
organochlorine
pesticide,
which
was
present
at
every
station;
and
traces
of
heptachlor,
dieldrin,
and
pp'DDE,
which
were
found
at
one
station
each
in
the
open
waters
of
Lake
Huron.
Measurable
levels
of
DDT
were
found
in
nearshore
waters
at
DeTour,
Cheboygan,
Presque
Isle,
and
Lexington.
Dieldrin
was
also
detected
at
DeTour.
Phenolic
substances
were
present
at
elevated
levels
at
the
Spanish
River
mouth
as
a
result
of
kraft
mill
discharges
upstream.
These
may
be
contributing
to
the
tainting
of
fish
flesh
reported
in
this
area.
From
the
data
collected
in
the
St.
Marys
River
since
1947—48,
the
concen-
tration
of
phenols
is
decreasing
but
present
levels
below
Algoma
Steel
and
the
Sault
Ste.
Marie
wastewater
treatment
plant
are
still
in
non—compliance
with
the
Agreement
objectives
and
Ontario
criteria
and
represent
a
transboundary
pollution problem.
A
typical
spatial
distribution
of
phenol
levels
along
the
Canadian
shore
is
illustrated
by
a
decrease
from
an
average
level
of
24
pg/R
at
300
m
down—
stream
from
the
main
trunk
sewer
to
W10
Ug/R
at
3.2
km
downstream
from
the
outfall.
The
latter
concentration
persists
into
the
Lake
George
Channel,
because
it
is
augmented
by
the
discharge
from
the
wastewater
treatment
plant,
which
contains
phenols
from
Domtar
Chemical.
Concentrations
of
phenols
near
the
U.S.
shore
were
comparable
with
the
background
levels.
T
A
D
I
l
:
C
Z
_
1
2
HISTORICAL CHANGES
Comparison
of
the
limited
historical
and
present
data
shows
a
lack
of
significant
trends
(Table
6—13).
Specific
conductance
shows
only
slight
changes.
The
chloride
increase
appears
to
have
halted
with
concentrations
holding
at
5.5
mg/Q
in
the
main
lake;
the
concentrations
have
been
reduced
in
Saginaw
Bay.
No
detectable
change
can
be
seen
for
pH.
Reactive
silicate
shows
some
evidence
of
a
decrease
but
early
data
may
be
questionable.
Sodium
and
potassium
appear
to
be
unchanged
at
3.1
and
0.8
mg/R,
respectively.
LAKE SUPERIOR
The
chemistry
of
Lake
Superior
is
determined
by
the
geology
of
the
drainage
basin,
climate,
man-made
inputs,
and
biological
processes
in
the
lake.
Most
of
Lake
Superior
lies
in
the
Precambrian
rock
of
the
Canadian
Shield,
large
areas
of
which
contain
granite
and
other
igneous
rocks.
Erosion
rates
are
not
high
since
most
of
the
rock
is
quite
resistant
to
weathering.
The
predominant
cations
are
magnesium
and
calcium.
The
predominant
anion
is
bicarbonate.
Compared
to
the
other
Great
Lakes,
the
impact
of
man
on
Lake
Superior
is
as
yet
relatively
small
and
localized;
therefore
its
chemistry
is
dominated
by
natural
inputs.
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 TABLE 6-13
CHEMICAL
DATA
FROM
PREVIOUS
STUDIES
ON
LAKE
HURON
Investigator
Ayersb
Allena
Chandler
USDI
Weiler &
001wC
CCIWC
001wC
001wc
CCIW
Parameter
and
Date
of
Chawla
Sampling
1954
1956
1960
1965
1968
1968
1969
1970
1971
1972
Total
Phosphorus
(mg P/£)
—
—
—
—
—
0.0139
0.0061
0.0053
0.0043
0.010
Nitrate
(mg N/SL)
—
—
—
—
—
0.247
0.267
0.257
0.249
0.27
Dissolved Reactive
Silicate
(mg 3102/2)
2.6
1.9
2.4
—
—
1.7
1.5
1.5
1.5
1.5
pH
—
—
8.1
7.9
-
—
—
—
8.2
—
9
9
Calcium
(mg/R)
22.0
26.7
22.6
25
28.1
—
—
—
26.1
—
Magnesium
(mg/Q)
6.5
-
6.3
8
6.7
—
-
-
6.8
-
Sodium
(mg/R)
—
2.54
2.3
3
3.2
-
-
—
3.1
—
Potassium
(mg/l)
—
0.85
1.0
0.8
0.84
-
—
—
0.82
-
Chloride
(mg/l)
-
5.9
7.0
5
6.3
—
—
—
5.3
-
Sulphate
(mg
SOu/Q)
—
13.0
9.7
14
17.2
—
—
—
14.6
—
Specific
d
Conductance
194
204
197
190
—
200
201
205
205
203
(US/cm)
            
a.
median
values
b.
approximate mean for central Lake Huron taken from contour plots
0.
Hypolimnion
values
only
d.
Corrected to 25°C.
 
     
ENRICHMENT
Open Waters
Lake
Supe
rior
wate
rs
are
chem
ical
ly q
uite
homo
gene
ous.
Area
l va
riat
ions
in L
ake
Supe
rior
are
not
exte
nsiv
e, w
ith
the
exce
ptio
n of
area
s ne
ar l
ocal
sour
ces
and
area
s of
rest
rict
ed c
ircu
lati
on,
such
as t
he D
ulut
h ar
m, T
hund
er
Bay, and Whitefish Bay. The present average Open lake (Segment l3) concen—
trations for nutrients are shown in Table 6—14. These confirm the highly
oligotrophic nature of the lake.
Lake Superior is characterized by high concentrations of total nitrogen
(0.2
8 mg
/Q)
and
reac
tive
sili
cate
(2.4
mg/Z
) bu
t ve
ry l
ow c
once
ntra
tion
s of
tota
l ph
osph
orus
(0.0
04 m
g/X)
.
Biol
ogic
al p
rodu
ctio
n is
rest
rict
ed b
y bo
th
the
lack
of p
hosp
horu
s an
d by
the
shor
t pe
riod
of s
trat
ific
atio
n an
d ge
nera
lly
cold water temperature. The chlorophyll a concentration, which is a measure
of the standing crop of biomass, seldom exceeds 1 ug/Q except in the extreme
western end of the lake; therefore summer depletion of nitrate and reactive
silicate is not great. The over—abundance of nitrate and reactive silicate
results in a condition which could lead to a rapid increase in biological
production if greater qﬂantities of phosphorus became available.
Nearshore Waters
The quality of nearshore waters of Lake Superior is similar to that of
the open waters; therefore nearshore waters are also classified as oligo—
trop
hic.
The
elev
ated
leve
ls o
f to
tal
phos
phor
us a
nd r
eact
ive
sili
cate
in
the nearshore waters of the western end of the lake are related to anthropo—
geni
c an
d tr
ibut
ary
inpu
ts.
The
grea
test
effe
ct i
s fo
und
near
the
sout
hern
shore within 30 km of Duluth.
The regional differences in nutrient concentrations are presented in
Volu
me I
II,
Chap
ter
4.
Indi
vidu
al o
bser
vati
ons
of t
otal
phos
phor
us r
ange
from
0.00
1—0.
077
mg/R
(Fig
ure
6—16
) in
the
near
shor
e wa
ters
with
both
the
minimum and maximum values occurring in Segment H.
The
annu
al a
vera
ge v
alue
of t
otal
nitr
ogen
in t
he n
ears
hore
wate
rs
rang
ed f
rom
0.27
4 to
0.53
4 mg
/Q w
ith
the
lowe
st a
nd h
ighe
st v
alue
s ob
serv
ed
in S
egme
nts
C an
d F,
resp
ecti
vely
.
The
aver
age
conc
entr
atio
n of
diss
olve
d
reactive silicate was characteristic of the oligotrophic nature of the lake.
The
con
cen
tra
tio
n r
ang
ed
fro
m 2
.2
to
2.7
mg/
Q w
ith
a h
igh
mea
n v
alu
e r
epo
rte
d
in Segment F (3.3 mg/Q).
Average chlorophyll a concentrations range from 0.6 to 2.5 ug/R. The
chlo
roph
yll
a le
vels
para
llel
the
tota
l ni
trog
en a
nd t
otal
phos
phor
us v
alue
s
in general with the southwest corner of the lake near Duluth—Superior Harbor
show
ing
the
high
est
conc
entr
atio
ns
(3.6
ug/Q
);
open
—lak
e si
tes
furt
her
off—
shore were also elevated (2.5 Ug/R), demonstrating the effects of Duluth—
Superior Harbor on the extreme western end of the lake. Chlorphyll a is
discussed further in the Aquatic Biology section of this chapter.
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R
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N
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R
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P
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R
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E
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1
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P
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R
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E
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E
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E
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.
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N
O
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P
h
o
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h
o
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u
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b
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n
n
u
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l
a
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e
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a
g
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
:
]
|
T
o
t
a
l
P
h
o
s
p
h
o
r
u
s
=
0
.
0
0
4
m
g
P
/
R
|
|
T
o
t
a
l
D
i
s
s
o
l
v
e
d
P
h
o
s
p
h
o
r
u
s
=
0
.
0
0
3
m
g
P
/
R
’
I I
D
i
s
s
o
l
v
e
d
R
e
a
c
t
i
v
e
P
h
o
s
p
h
a
t
e
=
0
.
0
0
1
m
g
P
/
2
]
D
i
s
s
o
l
v
e
d
N
i
t
r
a
t
e
0
.
3
1
8
0
.
2
9
0
0
.
2
7
4
0
.
2
5
2
0
.
2
7
0
0
.
2
8
7
g
&
N
i
t
r
i
t
e
(20)
(22)
(23)
(23)
(20)
(21)
g
(mg
N
/
R
)
[
0
.
0
0
6
]
[
0
.
0
1
0
]
(
0
.
0
0
7
]
[
0
.
0
1
3
]
[
0
.
0
0
9
]
[
0
.
0
0
6
]
I
D
i
s
s
o
l
v
e
d
0
.
0
0
2
6
0
.
0
0
3
8
0
.
0
0
4
2
0
.
0
0
6
9
0
.
0
0
7
6
0
.
0
0
3
6
A
m
m
o
n
i
a
(19)
(22)
(23)
(23)
(20)
(21)
(mg
N
/
ﬁ)
[0.0010]
[0.0017]
[0.0019]
[0.0024]
[0.0050]
[0.0028]
D
i
s
s
o
l
ve
d
R
e
a
c
t
i
ve
2.43
2.44
2.41
2.33
2.37
2.41
S
i
l
i
c
a
t
e
(11)
(22)
(23)
(21)
(20)
(21)
(mg
SiOz/2)
[0.03]
[0.02]
[0.05]
[0.13]
[0.04]
[0.04]
Dissolved
Oxygen
100.9
102.7
108.9
106.4
101.3
98.6
(%
Saturation)
(20)
(22)
(23)
(23)
(20)
(21)
[0.6]
[0.9]
[2.2]
[3.0]
[0.9]
[2.9]
pH
7.74
7.85
8.12
8.26
7.87
7.97
(9)
(9)
(9)
(9)
(8)
(9)
[0.10]
[0.12]
[0.07]
[0.14]
[0.28]
[0.17]
        
a.
The
three
values
represent
the
arithmetic
mean;
the
number
of
samples,
in
parentheses;
and
the
standard
deviation,
in
brackets.
b.
Seasonal
values
cannot
be
established,
based
on
present
data.
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1973 STAT I ST I CA
L SUMMARY.
TOTAL PHOSPHORUS IN NEARSHORE EPILIMNETIC WATERS OF LAKE SUPERIOR
Concentration in mg Pﬁl. The nearshore zone
generally extends offshore about 3 km or to a water depth of about 15 m. Widths
are
not
to s
cale
.
  
 LocaZ IMpacted Areas
Local
elevated
nutrient
concentrations
in
Thunder
Bay,
Duluth—Superior
Harbor,
the
Carp
River
mouth,
and
Munising
have
been
identified.
In
Thunder
Bay
the
inner
harbour
and
the
adjacent
section
of
the
outer
harbour
are
contaminated
by
local
industrial
and
municipal
wastewater
dis—
charges.
The
most
seriously
affected
area
is
the
lower
Kaministikwia
River
and
the
area
around
its
mouth.
The
impairment
of
the
inner
harbour
was
res—
tricted
to
the
extreme
north
and
south
sections
which
receive
the
major
waste
inputs.
The
total
phosphorus
concentration
in
Thunder
Bay
increased
consider-
ably
between
1970
and
1974.
While
the
mean
value
at
any
station
for
1970
was
never
over
the
0.053
mg/R,
a
mean
station
value
of
0.111
mg/R
was
reached
at
one
station
in
1974.
Total
nitrogen
did
not
change
so
dramatically
and
in
fact
was
lower
in
1974
than
in
1970
and
in
1973.
It
is
uncertain
whether
the
decrease
in
nitrogen
concentration
means
much
in
the
overall
water
quality
in
Thunder
Bay,
but
there
is
some
indication
that
nitrogen
may
be
a
limiting
factor
in
the
phytoplankton
production
and
lower
concentrations
are
desirable.
Water
quality
in
Duluth-Superior
Harbor
is
affected
by
municipal,
indus—
trial,
agricultural,
and
natural
sources.
The
harbour
consists
of
two
major
bays:
St.
Louis
Bay
and
Superior
Bay;
the
former
is
upstream
of
the
latter.
The
physical
and
chemical
properties
of
St.
Louis
Bay
and Superior
Bay
are
highly
variable
but
in
general
water
quality
improves
as
one
proceeds
toward
the
lake.
Wind
is
the
controlling
factor.
An
offshore
wind
can
introduce
lake
water
into
and
through
Superior
Bay
as
far
upstream
as
St.
Louis
Bay,
1
effectively
diluting
and
purging
the
bays.
These
trends
are
apparent
when
I
averages
and
ranges
of
concentrations
for
selected
physical
and
chemical
parameters
are
compared
for
St.
Louis
Bay,
between
St.
Louis
Bay
and
Superior
Bay, and in Superior Bay.
 
The
levels
of
total phosphorus
and
total
nitrogen
found
in
St.
Louis
Bay
range
from 0.02—0.76 mg/R
and
0.14—3.50 mg/R,
respectively;
and
in
Superior
Bay from 0.05-0.15 mg/Q and 0.68—l.4 mg/l,
respectively.
These concentrations
are generally above the levels necessary for the development of algal blooms.
St. Louis Bay is estimated to be receiving a phosphorus load at least twelve
?
times and Superior Bay nine times the rate that could promote algal blooms.
i
Nitrogen appears to be the nutrient which limits algal growth in both bays,
2
although phosphorus may be limiting at some times.
Dissolved oxygen levels
i
in St. Louis Bay often violate Minnesota standards; Superior Bay levels are
acceptable.
The Carp River mouth and Munising have very high phosphorus concentra-
tions, compared to the adjacent nearshore waters, attributable respectively
to the Marquette wastewater treatment plant and the Munising wastewater
treatment plant discharge to the Anna River. Discharges from a paper mill
also contribute to the high values of total phosphorus (0.016 mg/ﬁ) and total
nitrogen (0.425 mg/R) observed in South Bay, adjacent to Munising.
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 MAJOR IONS
The lake is almost homogeneous,
both vertically and horizontally with
respect to the major
ions.
Areas close to inputs are more variable,
but
differences are barely detectable statistically.
Major ion concentrations
and specific conductance for central Lake Superior
(Segment 13) are given in
Table
6—15.
These
parameters
generally
do not
show a
seasonal
cycle.
The conductivity values
in the northern nearshore areas average
97
pS/cm, which coincide with
the open—lake values.
Values along the south
shore were lower, which may be an artifact of the design of the sampling
program.
Sulphate ranges from 1.9—5.2 mg/Q and chloride ranges from 0—2 mg/R.
The highest concentrations of dissolved solids were observed at some river
mouth locations and in embayments which receive waste inputs from industrial
and municipal sources.
Jackfish Bay
had somewhat higher conductivity values
but
in
the open waters
of
the bay
the values
dropped
to
those
found
in
the
nearshore waters.
Chloride
values
at
the mouths
of
the Ontonagon
and
the
Carp
Rivers
and
sulphate
values
at
Munising were
elevated
relative
to
the
adjacent nearshore waters principally as a result of inputs from municipal
and industrial sources.
TRACE ELEMENTS
There is no heavy
metalpollution in the waters of Lake Superior.
Both
the open waters
and
the nearshore waters
are
devoid
of harmful
concentrations
of nickel,
lead,
manganese,
cadmium,
chromium,
iron,
and
zinc.
Only
iron
and
manganese are significantly higher in the western arm of Lake Superior (6.8
ug/£ vs.
2.0 ug/l and 0.6
ug/R
vs.
0.3
ug/Q).
ORGANICS
No
traces
of
any of
fifteen
organophosphorus
pesticides
sought
were
found
in Lake
Superior waters;
the quantification
limits
ranged
from
0.005
to
0.05
ug/R.
No
organochlorine pesticides
(quantification
limits
of
0.005
to
0.01 ug/R for the seventeen parameters sought)
or PCB's (quantification limit
of 0.1 ug/Q) were found.
However,
detectable amounts of lindane were found
in every water sample examined.
Phenolic
substances were
detected
in Peninsula
Harbour
and
Jackfish Bay
waters
at
levels
considerably higher
than background.
Levels of
phenolic
substances
in the waste plume of American Can of Canada Limited at Peninsula
Harbour ranged from 6-80 ug/Q.
In Jackfish Bay,
levels ranged from a mean of
60 ug/Q at 0.5 km from the mouth of Blackbird Creek, which carries wastes
from a pulp
and
paper mill,
to
4 Ug/R at
a distance
of
3.5 km from
the
creek
mouth.
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TABLE 6-15
MAJOR
ION
CONCENTRATIONS
IN
THE
EPILIMNION
OF
CENTRAL
LAKE
SUPERIOR
(SEGMENT
13)a
         
PARAMETER
MAY
JUNE
JULY
SEPT.
OCT.
NOV.
Calcium
13.3
12.6
12.5
13.3
12.5
12.9
(mg/2)
(9)
(9)
(9)
(9)
(8)
(9)
[0.2]
[0.7]
[9.1]
[0.4]
[0.1]
[0.2]
Magnesium
2.9
2.6
2.6
2.6
2.7
2.6
(mg/R)
(9)
(9)
(9)
(9)
(8)
(9)
[0.1]
[0.1]
[0.1]
[0.1]
[0.1]
[0.1]
Sodium
1.28
1.19
1.27
1.37
1.24
1.30
(mg/Q)
(9)
(9)
(9)
(9)
(8)
(9)
[0.13]
[0.03]
[0.05]
[0.07]
[0.05]
——
Potassium
0.5
0.4
0.5
0.4
0.5
0.5
(mg/R)
(9)
(9)
(9)
(9)
(8)
(9)
—— [0.05] -- [0.10] —- ——
Alkalinity
43.2
40.8
41.7
—-
41.3
--
(mg
CaC03/2)
(20)
(9)
(22)
(20)
[0.8] [2.9] [0.6] [0.6]
Chloride
1.15
1.11
—-
1.15
I
1.10
1.62
(mg/1)
(20)
(9)
(23)
‘ (20)
(9)
[0.12] [0.06] [0.11] f [0.08] [0.15]
Sulphate
3.0
2.6
3.0
3.2
i
3.1
3.1
(mg sou/2)
(9)
(9)
p
(9)
(9)
1
(8)
(9)
[0.1] [0.3] ' [0.1] [0.3] g [0.04] [0.1]
Specific
—-
97
--
--
i
--
'-
Conductance
(US/cm)
a. The three values representthe arithmetic mean; the number of samples,
in parentheses; and the standard deviation, in brackets.
b. Corrected to 25°C.
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RESERVE MINING COMPANY TAILINGS DISCHARGE
The discharge of 61 X 106 kg/d of taconite tailings waste from Reserve
Mining Company at Silver Bay contributes asbestiform fibres to the waters of
the western arm of Lake Superior. Prevailing currents transport these fibres
westward resulting in their uptake into several municipal water supplies.
This discharge also contributes significant amounts of dissolved loadings of
some chemical parameters. The tailings may also contribute to the enrichment
of Lake Superior. Additonal discussion is found in the Sediment section of
this chapter as well as Chapter 4 of Volume III.
HISTORICAL CHANGES
The major ion chemistry of the open waters of Lake Superior has not
changed since the earliest measurements in 1885 (Figure 6—17); calcium,
magnesium, chloride, and sulphate have remained unchanged since this date, and
sodium and potassium since about 1940.
The apparent decrease in alkalinity is
believed to be due to errors in the early measurements. A decline in "total
dissolved solids" is not believed to be real since this parameter must relate
to the major ions, for which no change is indicated. The quality and scarcity
of data for the trace metals do not allow deductions to be made. The same is
true of the nutrient data, except for nitrate which does show an apparent
steady increase of about 3 ug/R per year (Figure 6—18). Decreases in reactive I
silicate and total phosphorus concentrations since 1950 are believed to be
artifacts because of changes in analytical methods.
BACTERIOLOGY
Four indicator bacteria were utilized to characterize the bacteriological
water quality of the Upper Lakes. Coliform bacteria occur naturally in soil,
water, vegetation, and the intestinal tract of living organisms. Although
they are not generally regarded as pathogenic, the presence and abundance of
total and fecal coliforms indicate the potential presence of pathogenic en—
teric organisms. Several species of fecal streptococci occur in low numbers
in natural waters; their abundance is conclusive evidence of recent fecal
contamination. In addition, in domestic sewage the ratio of fecal coliform to ;
fecal streptococci is always >4.0, while in farmland and urban stormwater
runoffs the ratio is usually <0.7; thus, by establishing a ratio, the source
of pollution is often known. Heterotrophic bacteria respond to nutrient
enrichment and as such are indicators of the trophic state.
Results of analyses of the open waters of the Upper Lakes indicate not
only no pollution but also that in many cases the indicator species themselves
were not found.
Several inshore areas exhibit bacteriological water quality pollution or
degradation (Table 6—16) and are discussed more fully in Chapter 7. The major
causes were pulp and paper mill discharges and/or inadequately treated sewage.
The most degraded area is the St. Marys River but continued flushing with
clean Lake Superior water prevents bacterial levels from building up; however,
Lake George, downstream from Sault Ste. Marie, has a noticeable increase in
heterotrophic populations, a direct reflection of the enriched state of the
water.
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TABLE 6-16
P
O
T
E
N
T
I
A
L
O
R
E
X
I
S
T
I
N
G
H
E
A
L
T
H
H
A
Z
A
R
D
A
R
E
A
S
D
U
E
T
O
B
A
C
T
E
R
I
A
L
C
O
N
T
A
M
I
N
A
T
I
O
N
L
A
K
E
H
U
R
O
N
L
A
K
E
S
U
P
E
R
I
O
R
Ontario
-
G
o
d
e
r
i
c
h
a
Ontario"
-
Jackfish
Baya
-
S
p
a
n
i
s
h
R
i
v
e
r
‘
—
M
a
r
a
t
h
o
n
—
P
e
n
e
t
a
n
g
a
-
R
e
d
R
o
c
k
3
—
O
w
e
n
S
o
u
n
d
-
T
h
u
n
d
e
r
B
a
y
a
— Sault Ste. Mariea
—
T
o
wn
of
Blind
River
M
i
n
n
e
s
o
t
a
/
W
i
s
c
o
n
s
i
n
-
D
ul
ut
h
—S
up
e
r
i
o
r
Harbor
Michigan
—
Alpena
Michigan
-
Black
River
—
Cheboygan
-
Marquettea
-
Harbor
Beach
-
Munisinga
—
Saginaw
Rivera
>
-
Ontonagona
- Tawas City
3.
Area
where
Water
Quality
Agreement
bacteriological
objectives
are
exceeded.
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A
Q
U
A
T
I
C
B
I
O
L
O
G
Y
B
i
o
l
o
g
i
c
a
l
c
o
m
m
u
n
i
t
i
e
s
r
e
a
c
t
m
e
a
s
u
r
a
b
l
y
t
o
s
u
b
t
l
e
c
h
a
n
g
e
s
i
n
w
a
t
e
r
q
u
a
l
i
t
y
,
t
h
e
r
e
b
y
p
r
o
d
u
c
i
n
g
a
t
i
m
e
-
i
n
t
e
g
r
a
t
e
d
a
s
s
e
s
s
m
e
n
t
o
f
w
a
t
e
r
q
u
a
l
i
t
y
w
h
i
c
h
c
o
m
p
l
e
m
e
n
t
s
w
a
t
e
r
c
h
e
m
i
s
t
r
y
s
t
u
d
i
e
s
.
T
h
e
b
i
o
l
o
g
i
c
a
l
c
o
m
m
u
n
i
t
y
i
s
c
o
m
p
o
s
e
d
o
f
p
h
y
t
o
p
l
a
n
k
t
o
n
,
z
o
o
p
l
a
n
k
t
o
n
,
b
e
n
t
h
i
c
f
l
o
r
a
a
n
d
f
a
u
n
a
,
a
n
d
m
a
c
r
o
p
h
y
t
e
s
.
P
h
y
t
o
p
l
a
n
k
t
o
n
i
c
a
l
g
a
e
a
r
e
t
h
e
p
r
i
m
a
r
y
p
r
o
d
u
c
e
r
s
o
f
o
r
g
a
n
i
c
m
a
t
t
e
r
i
n
t
h
e
U
p
p
e
r
L
a
k
e
s
a
n
d
s
e
r
v
e
a
s
a
s
o
u
r
c
e
o
f
f
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p
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c
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e
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c
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p
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i
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e
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p
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b
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p
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c
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c
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p
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c
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p
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/
l
(
F
i
g
u
r
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u
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f
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i
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u
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p
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c
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p
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c
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p
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T
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b
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t
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c
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u
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d
o
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i
n
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b
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p
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o
l
i
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t
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i
c
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r
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e
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s
i
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o
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r
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n
c
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r
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e
b
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m
e
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r
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n
u
m
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r
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p
a
r
t
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c
u
l
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r
l
y
i
n
a
r
e
a
s
p
r
o
x
i
m
a
l
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o
s
h
o
r
e
l
i
n
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o
l
l
u
t
i
o
n
o
r
n
u
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r
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n
t
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o
u
r
c
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s
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n
t
h
e
s
o
u
t
h
w
e
s
t
e
r
n
p
a
r
t
o
f
t
h
e
l
a
k
e
,
z
o
o
p
l
a
n
k
t
o
n
c
o
m
m
u
n
i
—
t
i
e
s
a
r
e
p
r
e
d
o
m
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n
a
t
e
d
b
y
t
h
e
c
l
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o
c
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n
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o
s
m
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n
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,
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s
u
a
l
l
y
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r
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b
u
n
d
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n
t
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n
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u
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o
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h
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c
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i
t
u
a
t
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n
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i
m
i
l
a
r
p
a
t
t
e
r
n
i
s
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b
s
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r
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r
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t
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c
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n
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s
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c
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o
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o
l
c
a
a
n
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S
y
n
c
h
a
e
t
a
m
o
s
t
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o
m
m
o
n
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n
t
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o
f
f
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r
e
w
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t
e
r
s
,
a
n
d
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h
e
e
u
t
r
o
p
h
i
c
i
n
d
i
c
a
t
o
r
s
s
u
c
h
a
s
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r
i
c
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o
c
e
r
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a
p
r
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n
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n
S
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u
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h
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r
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n
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r
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r
e
w
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t
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Benthic organisms also indicate an influence of Saginaw Bay. North of
the bay, amphipods are relatively more abundant than chironomids and oligo—
chaetes. South of the bay, the opposite situation prevails. This is a
result of organic material being carried out of Saginaw Bay, either transported
directly from incoming tributaries or as a result of high primary production
in the bay itself.
Certain local areas, particularly Saginaw Bay, have a heavily impacted
biota. Blue—green algae predominate. Chlorophyll a concentrations in the
inner part of Saginaw Bay average 15.7 ug/Q. Both the zooplankton and the
benthic community are similarly degraded and productive.
GEORGIAN BAY
Phytoplankton populations in the open waters of Georgian Bay are composed
primarily of diatoms and chrysomonads; the assemblages and abundances are
indicative of oligotrophic conditions (Figure 6-19). However, blue—green and
green algae are present in significant but less abundant numbers. The average
chlorophyll a concentration is Nl.2 Ug/R (Figure 6—20), but open water values
as high as 2.5 Ug/R have been recorded in the extreme eastern section of
Georgian Bay, near Hope Island.
Cyclopoid copepods represent about half the zooplankton biomass of
Georgian Bay but calanoid copepods are also abundant with cladocerans in
lesser abundance. Both numbers and biomass of zooplankton in Georgian Bay are
lower than in Lake Huron (Figure 6—21).
Benthic organisms of the bay consist primarily of the amphipod Ponto—
pOPeia; oligochaetes and chironomids are also present. Their relative abun—
dance characterizes the oligotrophic nature of the bay.
Nearshore waters are characterized by similar oligotrophic plankton
types. However, some local areas, especially Midland Bay and Penetang Bay,
have higher chlorophyll a concentrations; values in Penetang Bay average $2.5
ug/R, well into the mesotrophic range. Rooted aquatic plants are also abundant.
NORTH CHANNEL
Chlorophyll a concentrations in the North Channel average 1.7 ug/R,
which is slightly higher than in Lake Huron or Georgian Bay (Figure 6—20).
This is a result of high phosphorus loadings relative to the small water
volume of the North Channel. Biological communities are similar to those in
Lake Huron.
LAKE SUPERIOR
Lake Superior is dominated by species characteristic of cold clear
waters of low productivity. It is doubtful that these species assemblages
with such narrow tolerance limits would be resilient to total or widespread
perturbations.of the environment. Increased productivity was observed only in
the nearshore areas, with significant deterioration of the biological community
only in local impacted areas.
114
  
In
the
open
waters
of
Lake
Superior,
diatoms
and
chrysomonads
dominate
the
phytoplankton
composition.
This
assemblage
has
a
high
diversity
with
a
large
number
of
species
being
common
throughout
most
of
the
year,
indicative
of
an
oligotrophic
lake.
The
mean
chlorophyll
a
concentration
in
the
open
water
of
Lake
Superior
is
%l
pg/R.
By
contrast,
concentrations
in
the
eutro—
phic
western
basin
of
Lake
Erie
average
W11
ug/ﬂ
and
in
mesotrophic
Lake
Ontario
W4
ug/R
(Figure
6—20).
Measurements
indicate
a
phytoplankton
biomass
in
Lake
Superior
of
“100
mg/m3
(Figure
6—19).
The
most
prevalent
zooplankton
species
are
the
calanoid
copepods,
some
of
which
are
indicators
of
oligotrophic
lakes.
Eighty
percent
of
all
zooplankton
are
calanoids
(Figure
6—21).
Benthic
organisms
are
dominated
by
the
amphipod
Pontoporeia
and
by
an
assortment
of
oligochaete
worms;
chironomids
are
low
in
all
areas.
This
is
again
evidence
of an oligotrophic lake community.
Nearshore
Lake
Superior
waters
differ
slightly
from
offshore
waters.
More
diatom species
are present
inshore
and more
chrysomonad
species
offshore.
Phytoplankton populations in Whitefish Bay and along the western and southern
shores
of
the
lake are
slightly higher
than in
other regions.
Chlorophyll
a
concentrations
in most nearshore waters
are
slightly higher
than
offshore.
Zooplankton populations
are
also
slightly elevated
in nearshore
regions,
particularly near Duluth—Superior Harbor and in Whitefish Bay.
However,
populations are low enough in all areas to indicate oligotrophic conditions.
Only localized embayments in Lake Superior have chlorophyll a concen—
trations indicative of enrichment. Duluth-Superior Harbor has an average
summer chlorophyll a concentration of W7.O ug/R; the phytoplankton population
has a high percentage of blue—green algal species. Both the zooplankton and
the benthos of Duluth—Superior Harbor have species compositions indicative of
eutrophic conditions. The average chlorophyll a concentration in Thunder Bay
is only 1.5 ug/R, with a maximum of 2.2 ug/l. Concentrations slightly above
2.0 ug/ﬂ were also infrequently observed at Munising and Marquette.
FISHERIES
Historically, both Lakes Huron and Superior were characterized by native
fish communities typical of recently glaciated oligotrophic lakes. Such com-
munities aredominated by the salmonids: the trouts, chars, whitefishes,
chubs, and lake herring, species which were highly prizedfor the table,
their sporting qualities, or both. The slightly warmer and shallower inshore
waters, especially in the bays and among the islands, typically supported
populations of sturgeon, walleye, perch, northern pike, and several Species
of suckers. Lesser species, dace and minnows, darters and sculpins, and
others occupied a variety of niches throughout the lakes.
In both lakes the original fish stocks have been very substantially
depleted. Annual commercial catches from Lake Superior have fallen to about
one
thir
d of
thei
r pe
ak a
nd t
hose
from
Lake
Huro
n ar
e no
w le
ss t
han
10%
of
wha
t t
hey
onc
e w
ere.
Mor
eov
er,
the
hig
hes
t v
alu
ed
spe
cie
s h
ave
cle
arl
y
suff
ered
most
so t
hat
the
econ
omic
loss
has
been
even
grea
ter
than
the
catc
h
statistics imply.
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Long
cont
inue
d,
inte
nse
expl
oita
tion
by m
an,
coup
led
with
the
dest
abi—
liz
ing
inf
lue
nce
of
str
ong
com
pet
iti
on
and
pre
dat
ion
by
suc
h e
xot
ic
spe
cie
s a
s
the
ale
wif
e,
rai
nbo
w s
melt
, a
nd
sea
lamp
rey,
pla
yed
a m
ajo
r r
ole
in
dep
let
ing
the
stoc
ks.
In b
oth
lake
s t
he
Gre
at
Lak
es
Fis
her
y C
omm
iss
ion
has
coo
rdi
nat
ed
effo
rts
by t
he r
espo
nsib
le m
anag
emen
t au
thor
itie
s to
reha
bili
tate
the
fish
com
mun
iti
es.
Pro
gra
ms
to
con
tro
l s
ea
lam
pre
y h
ave
bee
n l
arg
ely
suc
ces
sfu
l.
Hea
vy
sto
cki
ng
of
hat
che
ry
rea
red
fis
h,
not
onl
y o
f t
he
ind
ige
nou
s l
ake
,
bro
ok,
and
rai
nbo
w t
rou
t b
ut
als
o o
f s
uch
exo
tic
s a
s t
he
Pac
ifi
c a
nd
Atl
ant
ic
sal
mon
s,
bro
wn
tro
ut,
and
spl
ake
hav
e c
rea
ted
maj
or
syn
the
tic
pop
ula
tio
ns
of
sal
mon
ids
whi
ch
pre
y f
ree
ly
on
ale
wif
e a
nd
sme
lt
as
wel
l a
s o
n t
he
ind
ige
nou
s
for
age
spe
cie
s.
Sta
ble
sel
f—r
epr
odu
cin
g
com
mun
iti
es
com
par
abl
e
to
tho
se
nat
ive
to
the
lak
es
hav
e,
how
eve
r,
not
yet
res
ult
ed
and
the
gen
era
l
fai
lur
e
of
hat
che
ry
sto
ck
to
rep
rod
uce
wel
l
in
the
two
lak
es
is
not
und
ers
too
d.
Whe
the
r
det
eri
ora
tin
g w
ate
r
qua
lit
y
has
con
tri
but
ed
sig
nif
ica
ntl
y
to
the
se
pro
ble
ms
is
unk
now
n.
Gen
era
lly
,
fis
her
ies
wor
ker
s
hav
e
con
sid
ere
d
nut
rie
nt
enr
ich
men
t
as
pre
sen
tin
g
onl
y
a
few
loc
al
pro
ble
ms
of
min
or
con
cer
n.
On
the
ot
he
r
han
d,
pas
t
and
co
nt
in
ui
ng
de
mo
ns
tr
at
io
ns
tha
t
va
ri
ou
s
sp
ec
ie
s
of
Upp
er
Lak
es
fis
h c
arr
y
a w
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 CONTAMINANTS
IN
LAKE
SUPERIOR
FISH
Table
6—17 presents
the average
concentrations
of
heavy
metals
and
organics
found
in whole mature
fish collected
in
the open waters
of
Lake
Superior.
Only
large
lake
trout
over
1.6
—
1.8
kg
total
weights,
especially
fat
ones,
appear
to
pose
a
consistent
human
health hazard
and
then
only
in
some
areas.
The
hazards
relate
to
mercury,
to
PCB's,
and
to
a
lesser
extent
to DDT
and
dieldrin.
Baseline
levels
from which future
changes
in
contamina—
tion can
be evaluated
were
established
for eight
trace
metals
and
five
organics
in
fish
of
known
size
and
sampling
location.
MERCURY AND OTHER TRACE METALS
Whole lake trout 21.6 kg mean total weights were collected from open
water stations at Keweenaw Point, Coppermine Bank, Pic Bank, Grand Marais and
Bateau Rock.
Concentrations of mercury
(Table 6—18) were
highenough to
virtually assure that analyses of edible portions only would have shown concen-
trations in excess of the 0.5 ug/g guideline adopted by both countries.
On
this same basis, trout from off Duluth and among the Apostle Islands would
approach, if not reach, that guideline.
In fact, analysis of the fillets of
replicate samples of Apostle Island trout showed them to be just over the
guideline.
Larger fish from all these locations would be even more likely to
offend. Similarly, the average concentrationsof mercury in edible portions
of lake trout collected in nearshore areas were 0.40 ug/g in lean trout and
0.60 pg/g in fat trout for all stations. Thus, a substantial fraction of the
large lake trout from Lake Superior, especially large fat trout exceed the
food guideline for mercury.
No other trace elements pose a recognized risk to human health although
23 trace metals, rare earths, and other elements for which health guidelines
are largely lacking have been identified in generally low concentrations in
Lake Superior fish (Table 6—19). Little is known of the normal background
levels for most of these elements in fish, of the pathways by which they reach
them, or of the effects, direct or indirect, which they may haveon their
stocks.
POLYCHLORINATED BIPHENYLS
The concentration of PCB's in whole lake trout 21.6 kg total weight from
Keweenaw Point, Coppermine Bank, and Pic Bank exceeded 2.0 ug/g and those from
Bateau Rock, the Apostle Islands, Duluth, and Grand Marais approached that
value (Table 6—18). Analysis of both whole fish and fillet samples from the
Apostle Islands area yielded substantially similar results, which is sur—
prising since it w0uld be expected that a substantial proportion of lipo—
phyllic compounds like the PCB's would be lost with the body fat as the fish
were
evis
cera
ted
and
fill
eted
.
The
obse
rved
whol
e fi
sh v
alue
s th
us i
ndic
ate
that
thes
e la
ke t
rout
appr
oach
or e
xcee
d th
e Ca
nadi
an g
uide
line
of 2
.0 u
g/g
in
edib
le p
orti
ons;
data
from
the
near
shor
e pr
ogra
m co
nfir
m th
is i
nfer
ence
sinc
e
aver
age
conc
entr
atio
ns o
f PC
B's
in e
dibl
e po
rtio
ns o
f la
ke t
rout
were
1.3
ug/g
in
lea
n t
rou
t a
nd
3.6
ug/
g i
n f
at
trou
t f
or
all
loc
ati
ons
samp
led.
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DDT AND DERIVATIVES
Concentrations of
total
DDT
in whole
lake
trout
1.6
kg
total weight
from
Coppermine
Bank,
Bateau
Rock,
Keweenaw
Point,
and
the Apostle
Islands
were
~5.0 ug/g (Table 6—18).
Since a substantial fraction of the burden of DDT and
its derivatives is lost from lake trout when dressed for sale,
these values do
not
indicate a violation
of
the U.S.
and
Canadian
guideline
of
5.0
ug/g
in
edible portions.
However, fat lake trout or lake trout of substantially
larger size probably will exceed the guideline at these and perhaps other
sites; in fact “15% of the individual samples from the first three sites
contained >10 ug/g total DDT on a whole fish basiS,
a concentration almost
certain to represent an infraction of the guideline.
Analyses of lake trout
fillets from the Apostle Islands suggest about a 50% reduction in fillets as
compared to whole fish (2.99 ug/g versus 6.29 ug/g respectively) and average
concentrations of DDT in edible portions of lake trout from the nearshore
program were 1.03 Ug/g in lean trout and 3.27 ug/g in fat trout.
The present data, when compared to data collected in the late 1960's,
fail to display a discernable reduction in the average level of DDT contami—
nation in Lake Superior lake trout. Results of earlier studies by the U.S.
Fish and Wildlife Service permit estimation of the average concentration of
total DDT in whole lean lake trout of comparable size from the western portion
of the lake as 3.28 ug/g in 1965—1968 compared to 3.25 ug/g in 1974—1975.
DIELDRIN AND OTHER ORGANICS
Concentrations of dieldrin in whole lake trout weighing 21.6 kg from the
Apostle Islands and Bateau Rock exceeded 0.3 Ug/g (Table 6—18). However,
since a whole fishzfillet comparison for Apostle Islands lake trout showed a
reduction from 0.47 to 0.21 Dg/g these relatively high whole fish values are
not taken to signal an infraction of the U.S. and Canadian guideline of 0.3
ug/g in edible portions.
No other organics are currently recognized as presenting a health pro-
blem. However, lindane and chlordane are widespread (Table 6—17) while a wide
range of other organic compounds has been identified in Lake Superior open
water fish (Table 6-20). Too little is known of their chronic effects,
singly or together, to permit any estimate of the direct risk to fish stocks
or to man as a consumer of this low level contamination. Still less is known
of the pathways by which they reach fish and the effects which they may have
on other components of the aquatic ecosystem and hence indirectly on fish.
SOURCES OF CONTAMINATION
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 MATURE WHOLE LAKE TROUT FROM SELECTED LOCATIONS
TABLE 6—18
MEAN CONCENTRATIONS 0F SELECTED CONTAMINANTs IN
IN THE OPEN WATERS OF LAKE SUPERIOR
  
TROUT MEAN CONCENTRATION (pg/g)
LOCATION WEIGHT (kg) MERCURY PCB TOTAL DDT DIELDRIN
Keweenaw Point 2.1 0.88 4.32 7.08 0.12
Coppermine Bank 2.5 0.78 2.27 8.17 0.10
Pic Bank 2.0 0.58 2.67 3.99 0.08
Grand Marais 1.6 0.52 1.72 1.82 0.06
Bateau Rock 1.9 0.50 1.65 8.06 0.32
Duluth 2.3 0.40 1.85 1.64 0.08
Apostle Islands 2.7 0.39 1.80 6.29 0.47
Chummy Bank 1.4 0.26 1.15 1.27 0.06
Whitefish Point 2.3 0.27 0.80 1.12 0.06
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TABLE 6—19
TRACE ELEMENTS IN WHOLE LAKE TROUT
FROM OPEN WATERS OF LAKE SUPERIOR
MEAN CONCENTRATION (pg/g)
ELEMENT COPPERMINE BANK APOSTLE ISLANDS
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of Ontario. Further, the mercury contamination observed at Bateau Rock may
result from a naturally high background level similar to that known to affect
fish from the inland lakes of nearby Isle Royale, while that at Pic Bank may
owe something to enrichment of the natural background as a result of past pulp
mill operations at Peninsula Harbour, Ontario, 27 km to the northeast.
The data suggest that the lake disperses contaminants from the numerous
industrial, municipal, agricultural, land drainage, and atmospheric sources
through such mechanisms as water mass movement or transport after uptake by
the biota so that their ultimate disposition no longer reflects their separate
sources. Such processes are scarcely defined let alone well understood but
nonetheless result in substantial variability from place to place in the
degree of contamination encountered in fish. Further, dispersal mechanisms
must help integrate contaminant loads to the lake as a whole. Hence samples
from locations remote from known sources of contamination help provide a
useful index to the general status of the lake, particularly if they are
relatively heavily contaminated. Two such locations, off the tip of Keweenaw
Point and on Coppermine Bank, recommend themselves as potential index stations.
CONTAMINANTS IN LAKE HURON FISH
Table 6—17 presents average concentrations of trace metals and organics
found in whole fish collected in the open waters of Lake Huron. No recog-
nizable risks to human health were identified in the open water fish; however,
large lake trout or a substitute species of similar bioaccumulation charac-
teristics were not available in the offshore collections. In the nearshore
program, occasional samples of chinook salmon, rainbow trout, walleye, and
northern pike were found to approach or exceed human health guidelines for
mercury and PCB's.
MERCURY AND OTHER TRACE METALS
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which they may have on their stocks.
123
  
 TABLE 6-21
TRACE ELEMENTS IN WHOLE FISH SAMPLES OF BURBOT AND
BLOATER CHUB FROM OPEN WATERS OF LAKE HURON OFF GODERICH
  
MEAN CONCENTRATION (Hg/g)
ELEMENT BURBOT BLOATER CHUB
Praseodymium — 0.020
Lanthanum 0.025 0.060
Barium 0.25 0.030
Iodine 18 12
Tellurium 0.050 —
Tin
0.82
0.35
Indium
0.025
0.055
Palladium
—
0.170
Silver
0.060
0.080
Molybdenum
0.030
—
Strontium
3.2
3.8
Rubidium
2.4
2.2
Bromine
8.5
5.3
Germanium
0.16
1.3
Gallium
0.02
0.12
Zirconium
16
25
Cobalt
0.24
1.0
Iron
22
11
Manganese
1.7
2.4
Vanadium
0.075
0.26
Titanium
0.13
0.16
Scandium
0.075
0.44
Fluorine
0.83
0.27
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POLYCHLORINATED BIPHENYLS
Concentrations
of
PCB's
in
whole
bloater
chubs
from
off
Alpena
and
burbot
from near
Mackinac
Island
averaged
2.61
and
2.35
pg/g,
respectively.
All
other
fish
sampled
as
part
of
the
offshore
program
averaged
between
0.52
and
1.68
ug/g.
In
the nearshore
program,
only
edible
portions
of
rainbow
trout
from
Douglas
Point
exceeded
the
Canadian
guideline
of
2.0 ug/g;
however,
a
Single
Chinook
salmon
from
Alpena
contained
2.3
pg/g
or
a
little
under
half
the current U.S.
guideline of 5.0 Ug/g.
Concentrations in other fish sampled
as part of the nearshore program ranged from non—detectable
to 1.9 ug/g (rain—
bow trout from Goderich).
The lake—wide averages for rainbow trout and for
brown
trout
were
1.4
and
1.1
ug/g,
respectively;
all
other
species
averaged
between 0.007 and 0.48 ug/g.
Although there are fewer instances of fish exceeding food guidelines
for
PCB's in Lake Huron than in Lake Superior,
this more accurately reflects
the
lack of large lake trout in Lake Huron than any tendency toward lower PCB
levels in Lake Huron.
Comparisons of average PCB's in species such as bloater
chubs, burbot, sculpins, rainbow trout, walleye, yellow perch, and northern
pike suggest that the level of PCB contamination is higher in Lake Huron than
in Superior.
DDT AND DERIVATIVES
The lake—wide average concentration of DDT in large, whole bloater chubs
was 2.85 ug/g with the highest values occurring at Alpena, Mackinac Island,
Goderich, and Lonely Island (4.4 to 2.2 ug/g). DDT in edible portions of fish
in the nearshore program averaged 0.04-0.54 ug/g and confirmed the apparent
lack of any risk to human health associated with DDT in fish from Lake Huron.
However, the lack of large lake trout in Lake Huron is again the primary
reason for the lower incidence of problems. Comparisons of average DDT levels
in bloater chubs, sculpins, rainbow trout, Whitefish, walleye, yellow perch,
and northern pike taken from both lakes suggest that DDT levels are as high or
higher in Lake Huron than in Lake Superior.
OTHER ORGANICS
No other organics are currently recognized as presenting a health problem
in Lake Huron fish. However, dieldrin, lindane, and chlordane are widespread
(Table 6-17) and a wide range of other organic compounds have been identified
in Lake Huron fish from the open waters (Table 6—20). Too little is known of
their chronic effects, singly or together, to permit any estimate of the
direct risk to fish stocks or to man as a consumer of this low level con—
tamination. Still less is known of the pathways by which they reach fish and
the effects which they may have on other components of the aquatic ecosystem
and hence indirectly on fish.
RADIOACTIVITY
Leve
ls o
f ra
dioa
ctiv
ity
in o
pen
wate
r fi
sh s
ampl
es f
rom
Lake
Supe
rior
and
Lake Huron are all low (Table 6—22).
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W ISSIIES
Existing problems and areas of concern in the Upper Lakes are presented
and discussed by issue in this chapter. The conclusions drawn provide the
basis for the recommendations presented in Chapter 1. More detailed informa—
tion is contained in Chapters 6 of Volumes II and III.
ENRICHMENT
The response of lake systems to nutrient loadings or different rates of
enrichment depends primarily upon the depth, flushing time, surface area, and
bottom sediment type of the lake. The response of aquatic plants to that
enrichment determines the trophic nature of the lake which is the basis for
lake classification as oligotrophic, mesotrophic, or eutrophic. Figure 7—1
provides in general terms the relationship between trophic state and water
quality conditions. Figures 6—20 and 7—2 show the chlorophyll a and the
total phosphorus concentrations, respectively, of selected areas of the Great
Lakes System.
Practical problems that are related to the trophic state of a lake
pertain to the plant growth itself and to some of the ensuing changes in
biota higher up in the food chain. Oligotrophic lakes receive relatively
little enrichment and support a low level of plant production. Waters in
Such lakes are usually very clear year round. At the other end of the scale,
eutrophic lakes are rich in plant nutrients and support extensive growths of
plant material. Increased algal growth results in greater water turbidity.
This, among other things, presents clarification problems for water supply
systems and makes water less desirable for recreational purposes. Mesotrophic
lakes represent an intermediate state between oligotrophic and eutrophic.
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concentration
to
the
water
renewal
time
(Figure
7—3).
On
this
basis
Lake
Huron
proper
is
classed
as
oligotrophic;
this
is
confirmed
from
examination
of
several
other
criteria.
Principal
among
these
criteria
are
the
low
chlor0~
phyll
a
concentrations
(1
to
2
ug/i,
Figure
6—20),
low
phosphorus
concentrations
(3.5
to
5.5
Ug/i,
Figure
7—2),
the
domination
of
phytoplankton
assemblages
by
diatoms
and
microflagellates
throughout
the
year,
minimal
oxygen
depletion
in
the
hypolimnion
in
summer
stratification,
and
in
secchi
disc
readings
of
%8
m.
However,
there
is
summer
nutrient
depletion
in
the
epilimnion,
indicating
approaching mesotrophy.
In
order
to
maintain
present
water
quality
as
indicated
by
a
chlorophyll
a concentration of
1.4 Ug/K,
the calculated
loading
as
predicted by eutro—
phication
models
must
not
exceed
3600
t/a.
Table
7—1
summarizes
the present
and
projected
loadings
of
phosphorus
to
the main body of
Lake
Huron.
The present
total
loading
is
3720
t/a,
of which
29% is due to cultural point sources.
These sources are being subjected to
additional control
(particularly for inputs to Saginaw Bay) which will reduce
phosphorus
loading from its present 3720 t/a to 3020 t/a.
This level of
loading is adequate to protect the present trophic state of the lake.
How—
ever, the potential for future cultural enrichment is large, as indicated by
projections to the year 2020, even with maximum phosphorus controls of all
municipal and industrial sources.
Therefore increased controls on other
sources, which account for 71% of the present phosphorus inputs, will be
necessary. These include contributions from land use activities, atmospheric
inputs, Lake Superior, Lake Michigan, the North Channel, and Georgian Bay.
Of the total phosphorus loading to Lake Huron proper, W702 is retained
within the lake, primarily in the sediments. Only one fourth is effectively
passed on to the Lower Lakes.
Very few nearshore areas of Lake Huron proper can be considered eutro—
phic. The one exception is Saginaw Bay, which receives wastes from about
1,200,000 people, as well as from industry and from rural drainage from
intensively farmed land. The Saginaw River contributes 35% of the total
phosphorus which enters the main body of Lake Huron. This elevated loading
has resulted in extremely enriched conditions in Saginaw Bay compared with
other areas of the Great Lakes system. Total phosphorus concentrations of up
to 0.058 mg/R have beenmeasured from 1965 to 1974 (compare with Figure 7-2).
  
The average chlorophyll a concentration in Saginaw Bay is 15.7 ug/Q
(Figure 6—20). The total phytoplankton biomass concentration is 13,000 ug/2
by wet weight, of which 14% is due to blue—green algae (Figure 6—19). Zooplank-
ton biomass averaged 289 mg/m3 on a dry weight basis, only 6% of which was
due to calanoids (Figure 6—21). Hexagenia and amphipod decreases in the
bent
hos
of S
agin
aw B
ay a
re d
etri
ment
al t
o th
e ba
y's
ecol
ogy
and
foll
ow a
lmos
t
exactly the patterns observed in western Lake Erie.
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TABLE 7-1
P
R
E
S
E
N
T
A
N
D
P
R
O
J
E
C
T
E
D
PHOSPHORUS
LOADINGS
TO
THE
MAIN
BODY
OF
LAKE
HURON
LOADINGS IN TONNES PER YEAR
 
CATEGORY
    
After Scheduled Projection To
1974
Reductions
202d
United
States
1970
1270
2120
Municipal
a
1000
300
Industrial
70
70
Nonpoint
Source
900
900
Canada
437
437
560
Municipal8
14
14
Industrial
0
0
Nonpoint Source 423 423
AtmOspheric
450
450
450:
Straits of Mackinac
255
255
255
St. Marys River
273
273
391
North Channel 261 261 364
Georgian Bay 74 74 94
TOTAL 3720 3020 4230
a. These values include municipal and industrial inputs upstream in the
watershed as well as direct discharges to Lake Huron proper.
b. Assumed constant.
c. Base scenario;
see Chapter 5.
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the
thr
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dou
r m
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men
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at
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pub
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er
sup
ply
int
ake
at
Whi
tes
ton
e
Poi
nt
equ
all
ed
or
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ed
the
U.S
.
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nki
ng
wat
er
sta
nda
rd
of
three.
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sub
sta
nti
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rie
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inp
uts
to
Sag
ina
w
Bay
req
uir
e
eff
ect
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con
tro
l
if
en
ri
ch
me
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Sa
gi
na
w
Ba
y
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to
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A h
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n
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sph
oru
s
inp
ut
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Sag
ina
w B
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esc
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ope
n l
ake
;
thu
s,
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uct
ion
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pho
sph
oru
s
loa
din
g t
o
Sag
ina
w B
ay
wil
l
imp
rov
e w
ate
r q
ual
ity
in
bot
h S
agi
naw
Bay
and
the
ope
n l
ake
.
Mod
el
pro
jec
tio
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for
Sag
ina
w
Bay
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uct
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s
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blu
e—g
ree
n
alg
ae
and
pho
sph
oru
s
con
cen
tra
tio
ns
pro
por
tio
nal
to
red
uct
ion
s
in
pho
sph
oru
s
loa
din
g.
Cur
ren
tly
pla
nne
d
pro
gra
ms
wil
l
red
uce
pho
sph
oru
s
loa
din
g
fro
m 1
300
t/a
to
700
t/a
.
Thi
s i
s e
xpe
cte
d t
o r
edu
ce
the
phy
top
lan
kto
n s
tan
din
g c
rop
by
33%
(Figure 6—20).
God
eri
ch,
Che
boy
gan
,
Alp
ena
,
and
Har
bor
Bea
ch
are
fou
r s
mal
ler
are
as
imp
act
ed
by
nut
rie
nt
inp
uts
;
pho
sph
oru
s
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ova
l
wou
ld
all
evi
ate
enr
ich
men
t
pro
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ent
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t t
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e l
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tio
ns.
GEORGIAN BAY
The
cri
ter
ia
for
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c s
tat
e i
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e t
hat
Geo
rgi
an
Bay
, a
s a
who
le,
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oli
got
rop
hic
(Fi
gur
e 7
—3)
.
The
chl
oro
phy
ll
a c
onc
ent
rat
ion
ave
rag
es
l.2
ug/
Q (
Fig
ure
6—2
0)
and
the
tot
al
pho
sph
oru
s c
onc
ent
rat
ion
is
<8.
0 u
g/R
(Fi
gur
e 7
—2)
.
Tab
le
7—2
sum
mar
ize
s p
res
ent
and
pro
jec
ted
loa
din
gs
to
Geo
rgi
an
Bay
.
The
pre
sen
t p
hos
pho
rus
loa
din
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s 9
28
t/a
of
whi
ch
mor
e t
han
90%
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fro
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tmo
sph
eri
c a
nd
non
poi
nt
sou
rce
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Geo
rgi
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ffe
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nta
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n b
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n f
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pho
sph
oru
s w
ith
90%
of
tha
t e
nte
rin
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bay
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ual
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bei
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o t
he
sed
ime
nts
.
Thi
s 9
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eff
ect
ive
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ova
l b
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s t
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mai
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of
Lak
e H
uro
n s
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tia
lly
.
Fut
ure
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c c
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in
Geo
rgi
an
Bay
wil
l b
e d
iff
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pho
sph
oru
s
rem
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mun
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—
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atm
ent
pla
nts
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the
bay
.
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d t
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pho
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oru
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con
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f l
aun
dry
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erg
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to
a m
axi
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2.2
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hos
pho
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.
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n B
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ls.
The
re
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d
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,
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,
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Col
lin
g—
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d H
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atm
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the
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sho
uld
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d t
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mpr
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men
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wat
er
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lit
y.
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exp
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imp
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in
the
se
bay
s s
hou
ld
be
the
sub
jec
t o
f s
urv
eil
lan
ce.
NORTH CHANNEL
Pho
sph
oru
s l
oad
ing
s t
o t
he
Nor
th
Cha
nne
l a
re
wel
l u
p i
nto
the
mes
otr
o—
phi
c
ran
ge
(Fi
gur
e
7—3
).
Chl
oro
phy
ll
d c
onc
ent
rat
ion
s a
ver
age
ml.
7 u
g/R
(Fig
ure
6-20
).
The
pri
nci
pal
caus
e i
s l
oad
ing
fro
m t
he
St.
Mar
ys
Riv
er
and
fro
m l
ocal
tri
but
ari
es.
Tab
le
7—3
sum
mar
ize
s p
res
ent
and
pro
jec
ted
loa
din
gs.
The
pho
sph
oru
s l
oad
ing
to
the
Nor
th
Cha
nne
l i
s e
xpe
cte
d t
o i
ncr
eas
e f
rom
its
pre
sen
t l
eve
l o
f 1
220
t/a.
Mai
nte
nan
ce
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rov
eme
nt
of
the
wat
er
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y
in
the
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th
Cha
nne
l c
an
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y b
e a
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mpl
ish
ed
thr
oug
h n
onp
oin
t s
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ce
con
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ls.
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 TABLE 7-2
PRESENT AND PROJECTED
PHOSPHORUS LOADINGS To GEORGIAN BAY
   
LOADING IN TONNES PER YEAR
CATEGORY
Projection To
1974 2020C
Ca
na
da
a
79
4
10
45
Municipal a 97
In
du
st
ri
al
0
No
np
oi
nt
So
ur
ce
69
7
At
mo
sp
he
ri
c
13
4
13
4b
TO
TA
L
92
8
11
79
  
a.
Th
es
e
va
lu
es
in
cl
ud
e
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
in
pu
ts
up
st
re
am
in
th
e
wa
te
rs
he
d
as
we
ll
as
di
re
ct
di
sc
ha
rg
es
to
Ge
or
gi
an
Ba
y.
b. Assumed constant.
c.
Ba
se
sc
en
ar
io
;
se
e
Ch
ap
te
r
5.
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 TABLE 7—3
PRESENT AND PROJECTED
PH
OS
PH
OR
US
LO
AD
IN
GS
TO
TH
E
NO
RT
H
CH
AN
NE
L
  
LOADING IN TONNES PER YEAR
CATEGORY
Projection To
1974 2020
Can
ada
103
2
145
0
a
Municipal a 60
Industrial 14
Nonpoint Source 958
St.
Mar
ys
Riv
er
129
182
Geo
rgi
an
Bay
24
32b
Atm
osp
her
ic
36
36
TOTAL 1221 1700
 
Thes
e va
lues
incl
ude
muni
cipa
l an
d in
dust
rial
inpu
ts u
pstr
eam
in t
he
watershed as well as direct discharges to the North Channel.
Assumed constant.
Base scenario; see Chapter 5.
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LAKE SUPERIOR
Lake Superior is oligotrophic (Figure 7—3) with chlorophyll 9 levels of
N1 pg/Q (Figure 6—20) and total phosphorus concentrations of 3—5 ug/Q (Figure
7—2). In order to maintain present water quality and taking into account
that the lake is not in equilibrium with present loadings, the calculated
loading must not exceed 3900 t/a. Table 7—4 summarizes the present and
projected loadings of phosphorus to Lake Superior. Present loadings from
point sources is only WISZ of the total. The planned reductions of 200 t/a
will come close to maintaining the present water quality of Lake Superior.
In order to achieve the objective of 3900 t/a and with future development, it
will be necessary to install maximum phosphorus controls at all municipal and
industrial sources. If required, additional control can be achieved through
reductions of phosphorus in detergents and by reducing nonpoint source inputs.
Duluth—Superior Harbor exhibits definite signs of enrichment. In addi-
tion, local areas at Munising, Marquette, and Thunder Bay are experiencing
nutrient buildup. Adequate treatment and phosphorus removal will alleviate
this water quality degradation; facilities are being installed for the three
U.S. areas.
CONCLUSIONS
With the long flushing times and effective mixing of the Upper Lakes the
general trophic states of Lake Superior and the main body of Lake Huron are
the result of loading from all sources. In contrast to the Lower Lakes (and
with the exception of Saginaw Bay) cultural inputs of phosphorus do not
dominate the present loading, though their significance could increase in the
future.
Emba
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ts a
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l
efforts to clean up pollution.
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e
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d
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din
g
rec
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nce
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atm
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lan
d u
se
inp
uts
wil
l
be
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uir
ed.
PUBLIC HEALTH MICROBIOLOGY
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li
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p
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d
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th
es
e
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e
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e
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t
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r
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l
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rc
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an
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s
an
d
al
l
wa
te
rs
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Th
e
co
li
fo
rm
gr
ou
p
is
qu
es
ti
on
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le
as
a
pu
bl
ic
he
al
th
in
di
ca
to
r
be
ca
us
e
of
th
e
he
te
ro
ge
ne
it
y
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th
e
or
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ni
sm
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mp
ri
si
ng
it
an
d
of
th
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r
po
te
nt
ia
l
fo
r
re
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od
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ti
on
in
en
ri
ch
ed
wa
te
rs
.
Th
e
fe
ca
l
co
li
fo
rm
gr
ou
p
ha
s
be
co
me
th
e
in
de
x
of
ch
oi
ce
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it
ap
pe
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s
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be
di
re
ct
ly
co
rr
el
at
ed
to
fe
ca
l
co
nt
am
in
at
io
n.
Th
er
ef
or
e,
to
au
gm
en
t
th
e
tr
ad
it
io
na
l
in
di
ca
to
r
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st
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fe
ca
l
st
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ra
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 TABLE 7—4
PRESENT AND PROJECTED
PHOSPHORUS LOADINGS TO LAKE SUPERIOR
 
LOADINGS IN TONNES PER YEAR
 
CATEGORY After Scheduled Projection To
1974 Reductions 2020C
United States 1840 1640 1750
Municipalaa 440 240
Industrial 20 20
Nonpoint Source 1380 1380
Canada a 1220 1220 1940
Municipal a 40 40
Industrial 100 100
Nonpoint Source 1080 1080
Atmospheric 800 800 800:
Shoreline Erosion 280 280 280
TOTAL 4140 3940 4770
   
These values include municipal and industrial inputs upstream in
as well as direct discharges to Lake Superior.
Assumed constant.
Base scenario; see Chapter 5.
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locations.
The significance of fecal streptococci is discussed in Chapter 6;
Psaudomonas depuginosa organisms are responsible for many upper respiratory
tract, urinary tract, and other infections; and are indicators of potential
hazards caused by pathogens such as SaZmoneZZa, ShigeZZQ, Vibrios, and enteric
Viruses. w
 
LAKE HURON
Sault Ste. Marie, the Town of Blind River, the Spanish River mouth,
Penetanguishene, Owen Sound, and Goderich in Ontario and Cheboygan, Alpena,
Harbor Beach, Tawas City, and the Saginaw River mouth in Michigan exhibited
1?
poor bacterial quality on more than one occasion or at more than one sampling
location.
In many cases, sampling was not intensive enough to allow a strict
comparison with objectives; however, the data are indicative of existing or
potential problems from sanitary waste inputs.
 
The most extensive contamination exists from July to October in the St.
Marys River downstream from Sault Ste. Marie, Ontario. Total coliform levels
rise significantly immediately downstream from a point near the Canadian
navigation lock. Levels then decline slightly, but rise again downstream
from municipal overflow sewers. After decreasing once again, coliform counts
are again reinforced below the municipal sewage treatment plant discharge.
This pattern is also observed in the Pseudomonas aeruginosa levels; the
highest levels in the Upper Lakes were found in the St. Marys River.
The bacterial levels in the northwestern portion of the North Channel
are elevated because of loadings from the St. Marys River. The rest of the
North Channel is of high bacteriological quality except in the vicinity of
Blind River where elevated fecal coliform and Pseudomonas aaruginosa levels
were found in June 1974 and also at the mouth of the Spanish River where high
levels of total and fecal coliforms were evident in the summer and fall of
1974. At both locations the contamination is attributed to the discharge of
inadequately treated sewage.
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r po
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the
God
eri
ch
are
a,
a
few
st
at
io
ns
ou
ts
id
e
the
ha
rb
ou
r
ha
d
hi
gh
tot
al
co
li
fo
rm
co
un
ts
in
a
Se
pt
em
be
r
1974 survey.
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at
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re
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LAKE SUPERIOR
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 trations
generally
exist
only
in
extremely
localized
areas
such
as
harbours
or
tributary
mouths
where
losses
of
metal—bearing
wastes
may
occur
from
indus—
trial
or
municipal
discharges
or
spills.
Chronic
exposure
to
metal
concentrations
lower
than
the
lethal
level
can
have
serious,
though
perhaps
more
subtle,
adverse
effects
on
the
biota.
Metals
taken
up
directly
from
water
or
through
the
food
chain
may
accumulate
in
tissues
and
organs,
causing
growth
or
reproduction
problems.
Indirectly,
metals
may
weaken
organisms
or
change
their
behavioral
patterns,
making
them
more
vulnerable
to
other
environmental
stresses
such
as
diseases
or
predation.
Another
indirect
influence
would
be
the
elimination
or
reduction
in
abundance
of
important
food
chain
organisms.
Finally,
biomagnification
of
metals
in
fish
tissue
may
be
sufficiently
high
to
represent
a
hazard
to
wildlife
and
humans
through
consumption
of
contaminated
fish.
Concentrations
of
metals
in
sediments
are
of
interest
because
sediments
act
as
sinks
for
heavy
metals
in
aquatic
systems
under
aerobic
conditions.
Chemical,
mechanical,
and
biological
activity
can
cause
resolubilization
and
can
mobilize
metals
temporarily
bound
in
the
sediments.
Methylation,
a
biological
process
that
occurs
in
aquatic
systems,
is
an
important
mechanism
in
the
transport
and
cycling
of
metals.
An
example
of
this
is
the
methylation
of
mercury
which
results
in
biomagnification
in
fish
to
levels
hazardous
to
health.
Methylation
of
other
elements
in the aquatic
environment,
such as
lead,
selenium,
and
arsenic has
also
been
demonstrated.
LAKE HURON
WATER
The nearshore, harbour, and open lake waters of Lake Huron generally do
not exhibit any violations of any present or proposed water quality objectives
for metals. Concentrations of dissolved nickel, lead, manganese, cadmium,
chromium, iron, and zinc are uniform and below all use criteria. Abnormally
high levels of copper (6 Ug/l) were found in central Lake Huron in the summer
of 1971 and 1974 for no apparent reason.
Unfiltered water samples-from Michigan nearshore waters in 1974 generally
showed low levels of metals; however, the mean copper concentration of 8.3
ug/l at Tawas City slightly exceeded the safe copper concentration (6 pg/Q)
reported for Daphnia and also exceeds the proposed Agreement objective of 5
ug/R. Mean zinc concentrations were highest at DeTour Passage (19.5 ug/Z)
and in Saginaw Bay (16.2 ug/K). These approach levels which have been do—
cumented to be chronically toxic to certain aquatic organisms. The proposed
Agreement objective for zinc is 30 ug/Q.
FISH
Samples of some fish species from Canadian waters of Lake Huron showed
mercury levels approaching the 0.5 mg/kg guideline, including pike from
Dou
gla
s P
oin
t (
0.4
mg/
kg)
, p
ike
fro
m t
he
Ser
pen
t R
iver
mou
th
(0.4
mg/
kg)
, a
nd
walleye from the Midland—Penetang area (0.46 mg/kg). In U.S. waters, mercury
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in
ye
ll
ow
pe
rc
h
fr
om
Ha
mm
on
d
Ba
y
di
sp
la
ye
d
a
me
an
of
0.
24
mg
/k
g
wi
th
a
si
ng
le
sa
mp
le
of
0.
49
mg
/k
g.
Ch
in
oo
k
sa
lm
on
in
th
e
Al
pe
na
ar
ea
av
er
ag
ed
0.
21
mg
/k
g.
Co
mp
ar
is
on
of
me
an
va
lu
es
fr
om
al
l
U.
S.
ar
ea
s
sa
mp
le
d
in
di
ca
te
s
th
at
fi
sh
fr
om
so
ut
h
of
Sa
gi
na
w
Ba
y
ha
d
hi
gh
er
me
rc
ur
y
le
ve
ls
th
an
th
os
e
fr
om
no
rt
he
rn
La
ke
Hu
ro
n.
A
me
an
me
rc
ur
y
co
nc
en
tr
at
io
n
of
0.
57
mg
/k
g
wa
s
fo
un
d
in
a
sm
al
l
sa
mp
le
of
wa
ll
ey
e
fr
om
No
tt
aw
as
ag
a
Ba
y;
th
is
wa
s
th
e
on
ly
in
st
an
ce
of
me
ta
l
co
nt
am
i—
na
ti
on
in
fi
sh
fr
om
La
ke
Hu
ro
n
ex
ce
ed
in
g
an
ex
is
ti
ng
gu
id
el
in
e.
Th
e
so
ur
ce
of
th
is
me
rc
ur
y
is
be
li
ev
ed
to
be
na
tu
ra
l.
Bl
oa
te
r
ch
ub
s
in
op
en
wa
te
rs
of
La
ke
Hu
ro
n
ha
d
ar
se
ni
c
co
nc
en
tr
at
io
ns
of
1.
72
to
2.
26
mg
/k
g.
Al
th
ou
gh
th
es
e
va
lu
es
ar
e
hi
gh
er
th
an
in
fi
sh
fr
om
ot
he
r
ar
ea
s,
th
e
Fo
od
an
d
Dr
ug
Di
re
ct
or
at
e'
s
gu
id
el
in
e
of
5
mg
/k
g
is
no
t
ex
ce
ed
ed
.
SEDIMENT
Ir
on
co
nc
en
tr
at
io
ns
in
se
di
me
nt
s
of
th
e
St
.
Ma
ry
s
Ri
ve
r
ar
e
as
hi
gh
as
44
%
by
we
ig
ht
in
th
e
fi
rs
t
3
km
do
wn
st
re
am
fr
om
Al
go
ma
St
ee
l
Co
rp
or
at
io
n
di
s-
ch
ar
ge
s,
bu
t
de
cr
ea
se
ra
pi
dl
y
fu
rt
he
r
do
wn
st
re
am
.
Zi
nc
is
tr
an
sp
or
te
d
fa
rt
he
r
do
wn
st
re
am
wi
th
le
ve
ls
in
th
e
La
ke
Ge
or
ge
Ch
an
ne
l
as
hi
gh
as
31
0
mg
/k
g.
Th
es
e
me
ta
ls
ar
e
be
li
ev
ed
re
sp
on
si
bl
e
in
pa
rt
fo
r
th
e
im
pa
ir
me
nt
of
th
e
be
nt
ho
s
in
th
is
po
rt
io
n
of
th
e
ri
ve
r.
Re
me
di
al
pr
og
ra
ms
wi
ll
be
re
qu
ir
ed
at
Al
go
ma
St
ee
l
to
co
nt
ro
l
th
e
in
pu
t
of
th
es
e
me
ta
ls
an
d
to
al
le
vi
at
e
pr
es
en
t
pr
ob
le
ms
.
Mo
de
ra
te
ly
hi
gh
le
ve
ls
of
ir
on
an
d
zi
nc
we
re
fo
un
d
in
th
e
se
di
me
nt
s
on
th
e
U.
S.
si
de
of
th
e
ri
ve
r,
su
gg
es
ti
ng
po
ss
ib
le
tr
an
sb
ou
nd
ar
y
mo
ve
me
nt
.
Ne
ar
sh
or
e
se
di
me
nt
s
of
Ca
na
di
an
wa
te
rs
of
La
ke
Hu
ro
n
sh
ow
lo
ca
l
co
nt
am
-
in
at
io
n
wi
th
le
ad
an
d
ni
ck
el
.
Le
ad
co
nc
en
tr
at
io
ns
we
re
el
ev
at
ed
ab
ov
e
th
e
50
mg
/k
g
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
's
gu
id
el
in
e
fo
r
dr
ed
ge
d
sp
oi
l
in
ne
ar
—
sh
or
e
ar
ea
s
in
cl
ud
in
g
Go
de
ri
ch
,
To
be
rm
or
y,
Sy
de
nh
am
Ri
ve
r
mo
ut
h,
No
tt
aw
as
ag
a
Ba
y,
Mi
dl
an
d
Ba
y,
an
d
Co
ll
in
gw
oo
d.
At
Co
ll
in
gw
oo
d
le
ad
le
ve
ls
re
ac
h
a
ma
xi
mu
m
of
27
4
mg
/k
g
in
su
rf
ac
e
se
di
me
nt
s;
sh
ip
bu
il
di
ng
ac
ti
vi
ti
es
ar
e
co
ns
id
er
ed
to
be the source.
El
ev
at
ed
ni
ck
el
co
nc
en
tr
at
io
ns
oc
cu
r
in
se
di
me
nt
s
in
Se
rp
en
t
Ha
rb
ou
r
(1
04
mg
/k
g)
an
d
at
th
e
Sp
an
is
h
Ri
ve
r
mo
ut
h
(1
10
mg
/k
g)
of
th
e
No
rt
h
Ch
an
ne
l,
su
g—
ge
st
in
g
th
e
in
fl
ue
nc
e
of
mi
ni
ng
ac
ti
vi
ty
in
ad
jo
in
in
g
re
gi
on
s.
In
Mi
ch
ig
an
wa
te
rs
,
Ch
eb
oy
ga
n
an
d
Ha
rb
or
Be
ac
h
se
di
me
nt
s
vi
ol
at
e
th
e
dr
ed
ge
sp
oi
l
di
sp
os
al
gu
id
el
in
es
fo
r
zi
nc
.
LAKE SUPERIOR
WATER
Co
pp
er
,
ni
ck
el
,
zi
nc
,
ch
ro
mi
um
,
ca
dm
iu
m,
an
d
le
ad
co
nc
en
tr
at
io
ns
ar
e
un
if
or
ml
y
lo
w
in
fi
lt
er
ed
wa
te
r
sa
mp
le
s
fr
om
La
ke
Su
pe
ri
or
.
Ir
on
an
d
ma
ng
an
—
es
e
ar
e
si
gn
if
ic
an
tl
y
hi
gh
er
in
th
e
we
st
er
n
ar
m
of
th
e
la
ke
th
an
in
th
e
re
ma
in
—
de
r
(6
.8
ug
/Q
vs
.
2.
0
ug
/l
an
d
0.
6
ug
/R
vs
.
0.
3
ug
/%
,
re
sp
ec
ti
ve
ly
).
An
al
ys
es
of
un
fi
lt
er
ed
wa
te
r
sa
mp
le
s
fr
om
th
e
Up
pe
r
an
d
th
e
Lo
we
r
Po
rt
ag
e
En
tr
ie
s
in
di
ca
te
el
ev
at
ed
me
an
co
pp
er
co
nc
en
tr
at
io
ns
of
7.
0
an
d
4.
2
ug
/R
,
 
 respectively.
Of
all
other
U.S.
waters
sampled
only
the
Ontonagon
and
the
Carp
River
(Marquette)
areas
exhibited
higher
mean
copper
concentrations,
but
these
samples
had
a
higher
percentage
in
the
suspended
form,
65%
and
79%
res—
pectively,
compared
to
35%
to
40%
in
the
Keweenaw
area.
FISH
In
the
Ontario
waters
of
Lake
Superior,
mercury
was
the
only
metal
found
in
fish
at
levels
which
approach
or
exceed
the
present
Food
and
Drug
Direct-
orate
guideline
of
0.5
mg/kg.
Samples
of
large
lake
trout
from
Thunder
Bay,
Black
Bay,
Nipigon
Bay,
and
Marathon
had
mean
concentrations
of
mercury
exceed—
ing
the
guidelines;
however,
these
fish
were
much
larger
than
the
average
population
size.
Samples
of
walleye
from
Pine
Bay
and
of
whitefish
from
Marathon
had
mean
mercury
values
of
0.6
mg/kg
and
0.76
mg/kg
respectively.
Mercury
levels exceeded
the 0.5 mg/kg
Food and
Drug Administration guide—
line
in most
large
fat
lake trout
(siscowet)
from Lake
Superior;
and
in
lean
lake trout, walleye,
northern pike,
and whitefish from some locations around
the lake.
While point source discharges appear to be the cause of most high mercury
levels in fish, a significant portion of the mercury input to Lake Superior is
from natural sources.
This is substantiated by the fact that mercury levels
in walleye from inland lakes on Isle Royale, which have no sources of mercury
other than weathering of soils or atmospheric inputs, have been historically
high and often exceed the Food and Drug Administration guideline.
SEDIMENT
Mercury contamination of sediments exists in numerous areas of Lake
Superior. While natural levels of mercury from soil weathering and geoche—
mical processes appear unusually high, certain industrial discharges have been
identified as additional sources.
Concentrations of mercury in excess of the 0.3 mg/kg Ontario guideline
are present in the sediments of Thunder Bay and Peninsula Harbour as a result
of past discharges of mercury from chlor—alkali plants at these locations.
These concentrations are considered to be residual and should decrease in time
to levels within the acceptable criterion without additional remedial programs.
The impact of the sediment contamination on the biota requires study.
Sedi
ment
s in
the
west
ern
sect
ion
of L
ake
Supe
rior
cont
ain
high
conc
entr
a—
tions of mercury; these were deposited at about the turn of the century during
a period of mining activity near Thunder Bay. Transboundary movement of this
mercury has been documented in the sediments of western Lake Superior within a
zone
exte
ndin
g fr
om T
hund
er B
ay t
o a
poin
t so
uthw
est
of t
he i
nter
nati
onal
boundary in the deeper waters of the Duluth sub—basin.
Hi
gh
re
si
du
al
co
pp
er
co
nc
en
tr
at
io
ns
re
su
lt
in
g
fr
om
hi
st
or
ic
al
co
pp
er
min
ing
and
mil
lin
g h
ave
led
to
loca
l i
mpa
irm
ent
of
the
ben
tho
s i
n t
he
Upp
er
Port
age
Entr
y.
Else
wher
e, h
igh
lead
conc
entr
atio
ns w
ere
foun
d in
the
sedi
ment
s
0f
Mun
isi
ng
Har
bor
but
the
y
cou
ld
not
be
rel
ate
d
to
kno
wn
p01
nt
sou
rce
s.
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 CONCLUSION
V
i
o
l
a
t
i
o
n
s
of
m
e
t
a
l
s
c
r
i
t
e
r
i
a
a
r
e
f
o
u
n
d
in
f
i
s
h
a
n
d
s
e
d
i
m
e
n
t
s
in
t
h
e
U
p
p
e
r
L
a
k
e
s
;
h
o
w
e
v
e
r
,
m
o
s
t
of
t
h
e
s
e
a
r
e
c
o
n
s
t
r
u
e
d
to
b
e
t
h
e
r
e
s
u
l
t
o
f
r
e
s
i
d
u
a
l
p
r
o
b
l
e
m
s
.
E
x
i
s
t
i
n
g
a
b
a
t
e
m
e
n
t
p
r
o
g
r
a
m
s
a
p
p
e
a
r
g
e
n
e
r
a
l
l
y
a
d
e
q
ua
t
e
,
bu
t
r
e
m
e
d
i
a
l
p
r
o
g
r
a
m
s
wi
l
l
be
r
e
q
u
i
r
e
d
at
A
l
g
o
m
a
S
t
e
e
l
.
S
o
m
e
L
a
k
e
S
u
p
e
r
i
o
r
f
i
s
h
w
i
l
l
a
l
w
a
y
s
c
o
n
t
a
i
n
e
l
e
v
a
t
e
d
l
e
v
e
l
s
of
m
e
r
c
u
r
y
d
u
e
to
t
h
e
n
a
t
u
r
a
l
s
o
u
r
c
e
s
.
O
R
G
A
N
I
C
C
O
N
T
A
M
I
N
A
N
T
S
T
h
e
r
e
a
r
e
e
s
s
e
n
t
i
a
l
l
y
t
h
r
e
e
c
a
t
e
g
o
r
i
e
s
of
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
t
h
a
t
e
n
t
e
r
th
e
G
r
e
a
t
L
a
k
e
s
.
T
h
e
f
i
r
s
t
g
r
o
u
p
i
n
g
c
o
n
s
i
s
t
s
of
t
h
o
s
e
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
t
h
a
t
r
e
a
d
i
l
y
d
e
g
r
a
d
e
b
i
o
l
o
g
i
c
a
l
l
y
o
r
c
h
e
m
i
c
a
l
l
y
;
t
h
e
s
e
r
e
s
u
l
t
in
s
l
u
d
g
e
d
e
p
o
s
i
t
i
o
n
a
n
d
r
e
d
u
c
e
d
o
x
y
g
e
n
l
e
v
e
l
s
w
i
t
h
s
u
b
s
e
q
u
e
n
t
s
u
f
f
o
c
a
t
i
o
n
o
f
s
o
m
e
f
o
r
m
s
o
f
a
q
u
a
t
i
c
l
i
f
e
.
T
h
e
s
e
c
o
n
d
c
a
t
e
g
o
r
y
is
c
o
m
p
r
i
s
e
d
o
f
l
e
s
s
r
e
a
d
i
l
y
d
e
g
r
a
d
e
d
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
t
h
a
t
b
i
o
c
o
n
c
e
n
t
r
a
t
e
a
n
d
m
a
y
e
i
t
h
e
r
b
e
d
i
r
e
c
t
l
y
t
o
x
i
c
to
a
q
u
a
t
i
c
l
i
f
e
a
n
d
to
c
o
n
s
u
m
e
r
s
o
f
a
q
u
a
t
i
c
l
i
f
e
,
o
r
b
e
m
e
t
a
b
o
l
i
z
e
d
to
a
m
o
r
e
t
o
x
i
c
f
o
r
m
i
n
h
i
g
h
e
r
o
r
g
a
n
i
s
m
s
.
A
n
e
x
c
e
l
l
e
n
t
e
x
a
m
p
l
e
of
s
u
c
h
c
o
m
p
o
u
n
d
s
is
P
C
B
'
s
w
h
i
c
h
n
o
t
on
ly
d
i
r
e
c
t
l
y
b
i
o
c
o
n
c
e
n
t
r
a
t
e
to
to
xi
c
l
e
ve
l
s
bu
t
ar
e
a
l
s
o
m
e
t
a
b
o
l
i
z
e
d
to
th
e
m
o
r
e
t
o
x
i
c
h
y
d
r
o
x
y
P
C
B
'
s
.
T
h
e
t
h
i
r
d
c
a
t
e
g
o
r
y
c
o
n
s
i
s
t
s
o
f
t
h
e
m
a
n
y
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
t
h
a
t
c
a
n
c
a
u
s
e
t
a
s
t
e
a
n
d
o
d
o
u
r
p
r
o
b
l
e
m
s
i
n
w
a
t
e
r
s
u
p
p
l
i
e
s
o
r
t
a
i
n
t
f
i
s
h
.
T
h
e
b
e
s
t
k
n
o
w
n
a
r
e
p
h
e
n
o
l
s
.
R
e
g
a
r
d
l
e
s
s
o
f
t
h
e
c
a
t
e
g
o
r
y
o
f
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
i
n
v
o
l
v
e
d
,
a
l
l
h
a
v
e
t
h
e
p
o
t
e
n
t
i
a
l
t
o
a
d
v
e
r
s
e
l
y
a
f
f
e
c
t
a
q
u
a
t
i
c
r
e
s
o
u
r
c
e
s
b
y
e
i
t
h
e
r
r
e
d
u
c
i
n
g
t
h
e
s
u
r
v
i
v
a
l
,
g
r
o
w
t
h
,
a
n
d
r
e
p
r
o
d
u
c
t
i
o
n
of
f
i
s
h
a
n
d
f
i
s
h
f
o
o
d
o
r
g
a
n
i
s
m
s
or
r
e
n
d
e
r
i
n
g
t
h
e
w
a
t
e
r
a
n
d
/
o
r
f
i
s
h
e
r
i
e
s
of
t
h
e
l
a
k
e
s
u
n
f
i
t
o
r
u
n
s
a
f
e
f
o
r
c
o
n
s
u
m
p
t
i
o
n
b
y
h
i
g
h
e
r
l
i
f
e
f
o
r
m
s
.
P
E
R
S
I
S
T
E
N
T
O
R
G
A
N
I
C
C
O
M
P
O
U
N
D
S
S
e
v
e
r
a
l
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
a
r
e
p
r
e
s
e
n
t
t
h
r
o
u
g
h
o
u
t
t
h
e
U
p
p
e
r
L
a
k
e
s
e
c
o
s
y
s
t
e
m
.
T
h
e
d
i
s
p
e
r
s
i
o
n
of
t
h
e
s
e
c
o
n
t
a
m
i
n
a
n
t
s
o
c
c
u
r
s
b
o
t
h
w
i
t
h
i
n
t
h
e
l
a
k
e
s
a
n
d
t
h
r
o
u
g
h
a
t
m
o
s
p
h
e
r
i
c
t
r
a
n
s
p
o
r
t
.
W
h
o
l
e
—
l
a
k
e
d
e
g
r
a
d
a
t
i
o
n
is
c
l
e
a
r
l
y
i
n
d
i
c
a
t
e
d
.
A
t
m
o
s
p
h
e
r
i
c
i
n
p
ut
s
a
p
p
e
a
r
to
be
a
s
i
g
n
i
f
i
c
a
n
t
s
o
u
r
c
e
s
i
n
c
e
s
e
v
e
r
a
l
of
th
e
c
o
m
p
o
u
n
d
s
w
e
r
e
fo
un
d
at
c
o
m
p
a
r
a
b
l
e
l
e
ve
l
s
in
b
o
t
h
L
a
k
e
S
u
p
e
r
i
o
r
a
n
d
La
ke
Hu
ro
n.
F
u
r
t
h
e
r
e
v
i
d
e
n
c
e
of
a
t
m
o
s
p
h
e
r
i
c
t
r
a
n
s
p
o
r
t
is
i
n
d
i
c
a
t
e
d
by
th
e
p
r
e
s
e
n
c
e
of
s
i
m
i
l
a
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
s
uc
h
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
as
P
C
B
'
s
,
h
e
x
a
c
h
l
o
r
o
b
e
n
z
e
n
e
,
h
e
p
t
a
c
h
l
o
r
e
p
o
x
i
d
e
,
a
n
d
m
e
t
h
o
x
y
c
h
l
o
r
in
f
i
s
h
f
r
o
m
L
a
k
e
S
u
p
e
r
i
o
r
a
n
d
in
f
i
s
h
f
r
o
m
S
i
s
k
i
w
i
t
L
a
k
e
,
an
i
n
l
a
n
d
l
a
k
e
o
n
I
s
l
e
R
o
y
a
l
e
w
h
i
c
h
h
a
s
r
e
c
e
i
v
e
d
n
o
k
n
o
w
n
d
i
r
e
c
t
d
i
s
c
h
a
r
g
e
s
of
t
h
e
s
e
c
o
m
p
o
u
n
d
s
.
P
C
B
'
s
an
d
D
D
T
an
d
it
s
d
e
g
r
a
d
a
t
i
o
n
p
r
o
d
u
c
t
s
ar
e
c
u
r
r
e
n
t
l
y
p
r
e
s
e
n
t
in
l
a
r
g
e
i
n
d
i
v
i
d
u
a
l
s
of
s
e
v
e
r
a
l
fi
sh
s
p
e
c
i
e
s
fr
om
th
e
U
p
p
e
r
L
a
k
e
s
at
c
o
n
c
e
n
t
r
a
t
i
o
n
s
th
at
vi
ol
at
e
ac
ce
pt
ed
or
re
co
mm
en
de
d
cr
it
er
ia
.
PC
B'
s
ha
ve
be
en
re
co
gn
iz
ed
as
to
xi
c,
w
i
d
e
s
p
r
e
a
d
,
an
d
h
i
g
h
l
y
p
e
r
s
i
s
t
e
n
t
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
fo
r
s
o
m
e
ye
a
r
s
.
Be
ca
us
e
of
th
is
,
U.
S.
an
d
Ca
na
di
an
re
gu
la
to
ry
au
th
or
it
ie
s
an
d
th
e
Wa
te
r
Qu
al
it
y
Ob
je
ct
iv
es
Su
bc
om
mi
tt
ee
ha
ve
de
ve
lo
pe
d
th
e
fo
ll
ow
in
g
ob
je
ct
iv
es
an
d
g
ui
de
li
ne
s
fo
r
m
a
x
i
m
u
m
P
C
B
l
e
ve
l
s
in
fi
sh
:
0.
1
mg
/k
g
in
wh
ol
e
fi
sh
—-
pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e
fo
r
pr
ot
ec
ti
on
of
wildlife
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 2.0
mg/kg
in
edible
portions
of
fish
——
Canadian
public
health
guidelines
5.0
mg/kg
in
edible
portions
of
fish
——
U.S.
public
health
guidelines
PCB's
were
not
detected
in
the
waters
of
Lake
Huron
or
Lake
Superior
at
the
detection
limit
of
10
ng/K
but
were
detected
at
several
locations
in
the
seston
(floating
matter)
and
sediments.
All
samples
of
fish
examined
from
the
Upper
Lakes
contained
detectable
concentrations
of
PCB's.
Of
particular
concern
is
the
observation
that
average
PCB
concentrations
in
all
samples
of
fish
from
Lake
Superior
and
the
majority
from
Lake
Huron
were
in
excess
of
the
0.1
mg/kg
proposed
Agreement
objective
for
whole
fish.
Highest
levels
occur
in
large
predators
such
as
lake
trout.
Large
siscowet
(a
very
fat
subspecies
of
lake
trout
found
only
in
Lake
Superior)
and
large
rainbow
trout
from
Lake
Huron
frequently
have
levels
of
PCB's
in
excess
of
applicable
Canadian
or
U.S.
guidelines
for
food.
Thus,
the
potential
exists
for
adverse
human
health
effects due to whole—lake pollution by PCB's.
DDT,
DDD,
and
DDE
were
the
first
of
the
general
group
of
compounds
known
as
chlorinated
hydrocarbon
insecticides
to
receive
worldwide
attention
as
con—
taminants that were highly persistent and present in practically all
trophic
levels
of
the
environment.
DDT's
are particularly
known
for
their
bioaccu—
mulation
characteristics
in aquatic
organisms
and
their
effects
on
fish
and
wildlife.
Reported as present in fish of the Great Lakes during the mid—
l960's, DDT was banned from use in the states bordering on Lake Michigan
during 1969—70, essentially banned in Canada in 1970, and banned in the United
States in 1972.
Since the control on DDT usage by the states bordering Lake
Michigan, average residues of this insecticide have declined dramatically in
that lake. Current recommended guidelines or criteria for maximum acceptable
concentrations of DDT's in water and the aquatic biota are:
5.0 Ug/g in edible tissues of fish —— U.S. and Canadian federal
1.0 Ug/g (DDT + metabolites) in whole fish —— proposed Agreement objective
for protection of wildlife
0.003 Ug/R (DDT + metabolites) in water —— proposed Agreement objective
for protection of wildlife
0.001 mg/Q in raw water —— U.S. Water Quality Criteria
Residues of DDT were not detected in the waters of the Upper Lakes and a
limited sampling program detected DDT in sediment from Black Bay on Lake
Superior and Saginaw Bay, Georgian Bay, and Serpent Harbour on Lake Huron.
However, DDT residues are detectable in essentially all samples of fish tested
from Lakes Superior and Huron. Large lake trout from Lake Superior often
exceed the Canadian and the U.S. food guideline while large bloater chubs and
burbot from Lakes Superior and Huron commonly exceed the proposed Agreement
Objective for wildlife protection. Review of available data collected by
various investigators and agencies provides no unequivocal evidence that
average DDT levels have declined in fish from Lake Superior during the past '
five years. In contrast, average DDT residues have declined as much as 80% in
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 fi
sh
fr
om
La
ke
M
i
c
h
i
g
a
n
du
ri
ng
th
is
sa
me
pe
ri
od
as
a
re
su
lt
of
th
e
DD
T
ba
n.
T
h
e
o
l
i
g
o
t
r
o
p
h
i
c
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
of
L
a
k
e
S
u
p
e
r
i
o
r
a
n
d
/
o
r
p
o
s
s
i
b
l
e
c
o
n
t
i
n
u
e
d
s
o
u
r
c
e
s
of
D
D
T
to
th
e
l
a
k
e
a
r
e
th
e
o
n
l
y
r
e
a
s
o
n
a
b
l
e
e
x
p
l
a
n
a
t
i
o
n
fo
r
th
e
f
a
i
l
u
r
e
of
D
D
T
r
e
s
i
d
u
e
s
to
d
e
c
l
i
n
e
.
In
a
d
d
i
t
i
o
n
to
t
h
o
s
e
d
o
c
u
m
e
n
t
e
d
e
x
c
e
s
s
i
v
e
l
e
ve
l
s
of
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
,
m
a
n
y
o
t
h
e
r
c
o
m
p
o
u
n
d
s
w
e
r
e
d
e
t
e
c
t
e
d
in
th
e
wa
t
e
r
,
s
e
d
i
m
e
n
t
,
or
b
i
o
t
a
of
th
e
U
p
p
e
r
La
ke
s.
D
i
e
l
d
r
i
n
,
an
o
x
i
d
a
t
i
o
n
p
r
o
d
u
c
t
of
th
e
p
e
s
t
i
c
i
d
e
a
l
d
r
i
n
,
is
k
n
o
w
n
to
ha
ve
be
en
pr
es
en
t
in
fi
sh
of
La
ke
s
Su
pe
ri
or
an
d
H
ur
o
n
si
nc
e
th
e
la
te
19
60
's
.
A
l
t
h
o
ug
h
no
t
fo
un
d
to
ex
ce
ed
cu
rr
en
t
ap
pl
ic
ab
le
cr
it
er
ia
fo
r
fo
od
or
wa
te
r,
di
el
dr
in
is
st
il
l
pr
es
en
t
in
fi
sh
of
th
e
Up
pe
r
La
ke
s
at
le
ve
ls
eq
ua
l
to
or
gr
ea
te
r
th
an
th
os
e
fo
un
d
in
19
67
-6
8.
Di
el
dr
in
re
si
du
es
in
a
va
ri
et
y
of
wh
o
l
e
—
fi
sh
sa
mp
le
s
fr
om
La
ke
s
Su
pe
ri
or
an
d
H
ur
o
n
ra
ng
ed
fr
om
0.
01
to
0.
47
ug
/g
.
In
sa
mp
le
s
of
ed
ib
le
po
rt
io
ns
of
a
va
ri
et
y
of
sp
ec
ie
s,
di
el
dr
in
re
si
du
es
ra
ng
ed
fr
om
no
ne
de
te
ct
ed
to
0.
21
ug
/g
.
Th
e
cu
rr
en
t
C
a
n
a
d
i
a
n
an
d
th
e
U.
S.
g
ui
d
e
l
i
n
e
fo
r
di
el
dr
in
in
ed
ib
le
po
rt
io
ns
of
fi
sh
is
0.
3
ug
/g
.
It
ap
pe
ar
s
th
at
is
ol
at
ed
in
st
an
ce
s
of
co
nt
am
in
at
io
n
of
fi
sh
by
di
el
dr
in
at
le
ve
ls
ne
ar
th
e
a
p
p
l
i
c
a
b
l
e
fo
od
gu
id
el
in
e
ar
e
oc
cu
rr
in
g
in
th
e
Up
pe
r
La
ke
s
an
d
m
o
d
e
r
a
t
e
re
si
du
es
of
di
el
dr
in
ar
e
co
mm
on
.
Th
e
p
r
o
d
uc
t
i
o
n
an
d
us
e
of
al
dr
in
an
d
di
el
dr
in
we
r
e
s
u
s
p
e
n
d
e
d
b
y
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
in
19
74
.
L
i
n
d
a
n
e
,
a
n
o
t
h
e
r
p
e
s
t
i
c
i
d
e
c
o
m
p
o
n
e
n
t
,
w
a
s
f
o
u
n
d
at
t
r
a
c
e
l
e
ve
l
s
(u
p
to
0
.
0
0
5
Ug
/R
)
in
e
v
e
r
y
w
a
t
e
r
s
a
m
p
l
e
e
x
a
m
i
n
e
d
f
r
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e
U
p
p
e
r
La
ke
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L
i
n
d
a
n
e
w
a
s
a
l
s
o
i
d
e
n
t
i
f
i
e
d
in
s
a
m
p
l
e
s
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w
h
o
l
e
f
i
s
h
(0
.0
1
to
0.
2
p
g
/
g
)
b
ut
w
a
s
b
e
l
o
w
0
.
0
0
5
U
g
/
g
in
t
h
e
v
a
s
t
m
a
j
o
r
i
t
y
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f
i
s
h
s
a
m
p
l
e
d
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r
o
n
l
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e
d
i
b
l
e
t
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s
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ue
s
.
No
sa
mp
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s
of
wa
t
e
r
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fi
sh
we
r
e
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un
d
to
ex
ce
ed
th
e
pr
op
os
ed
A
g
r
e
e
m
e
n
t
ob
je
ct
iv
es
of
0.
01
0
Ug
/R
in
wa
t
e
r
an
d
0.
3
ug
/g
in
ed
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le
po
rt
io
ns
of
fi
sh
.
In
a
d
d
i
t
i
o
n
ch
lo
ro
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nz
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e
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mp
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nd
s,
ch
lo
rd
an
e,
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ta
ch
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o
l
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e
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r
ar
om
at
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y
d
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b
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,
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n
d
o
t
h
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r
s
a
r
e
a
l
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u
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d
in
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o
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th
e
U
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p
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r
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b
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l
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c
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c
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b
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e
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at
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of
th
is
wi
d
e
ar
ra
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b
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s
e
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e
co
mp
le
te
ly
un
kn
ow
n
bo
th
in
th
e
aq
ua
ti
c
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or
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c
h
de
pe
nd
on
th
em
fo
r
fo
od
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th
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d
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o
n
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e
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at
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p
e
r
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t
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c
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s.
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ef
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s
to
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l
DD
T
co
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at
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n,
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gh
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e
in
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ke
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to
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tt
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ct
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ye
t
in
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e
Su
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or
.
Fu
rt
he
r
co
nt
am
in
at
io
n
of
th
e
b
i
o
t
a
by
PC
B'
s
an
d,
to
a
le
ss
er
de
gr
ee
di
el
dr
in
is
st
il
l
co
ns
id
er
ed
un
av
oi
da
bl
e
in
th
e
Up
pe
r
La
ke
s.
Th
er
e
is
al
so
a
re
al
po
te
nt
ia
l
th
at
if
po
ll
ut
io
n
by
to
xi
c
or
ga
ni
cs
co
nt
in
ue
s
un
ch
ec
ke
d,
th
e
fi
sh
er
ie
s
ma
y
ev
en
tu
al
ly
be
lo
st
be
ca
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e
of
pu
bl
ic
he
al
th
pr
ob
le
ms
or
,
in
th
e
ex
tr
em
e,
ac
tu
al
lo
ss
of
th
e
re
so
ur
ce
fr
om
th
e
la
ke
s.
Th
is
ev
id
en
ce
in
di
ca
te
s
ap
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nt
in
ef
fe
ct
iv
en
es
s
of
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nt
ro
ll
in
g
to
xi
c
or
ga
ni
cs
th
ro
ug
h
pa
rt
ia
l
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ns
.
Th
e
on
ly
an
sw
er
is
to
ta
l
ba
ns
.
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 TASTE AND ODOUR COMPOUNDS
Compounds
that
can
cause
taste
and
odour problems
are
present
at
Marathon,
Thunder Bay, Nipigon Bay, and Jackfish Bay on Lake Superior, in the North
Channel near the mouth of the Spanish RiVer, and in the St. Marys River.
Excessive levels of taste and odour causing compounds are traceable to pulp
and
paper
mills
at
the
first
five
locations
and
to Algoma
Steel
Company
and
municipal sewage treatment plant discharges at Sault Ste. Marie, Ontario.
The
problem in the St. Marys River is caused by excessive levels of phenols and
constitutes transboundary pollution.
It is expected that ongoing or planned remedial programs at Algoma Steel
Company, the Domtar Ltd. mill at Red Rock (Nipigon Bay), and the Great Lakes
Paper Company mill at Thunder Bay will reduce present discharges of taste and
odour causing compounds to levels in compliance with Agreement and Ontario
objectives, but it will be necessary to take additional measures to abate the
problems originating from the municipal discharges at Sault Ste. Marie,
Ontario and the remaining pulp and paper mills. The technology is presently
available to achieve this abatement.
ASBESTOS
Asbestos in its several minerological forms enters the Upper Lakes Basin
either as a waste product from processing metal—bearing ores (such as iron,
copper, and nickel), from the weathering of rock outcrops, or as a result of
its multitude of uses, such as insulation, brake linings, and asbestos cement
pipe. The concern about asbestos is that its widespread use and consequent
distribution into the environment may be a potential health hazard to the
general public. This concern is based upon the known facts that tiny asbestos
fibres in the atmosphere cause asbestosis, a scarring of the lungs by in—
creased fibrous tissue growth; malignant tumors in the lung and abdominal
cavity lining; and lung cancer. The effects of ingested or swallowed asbestos
fibres are not so well documented since they have only recently come under
study. However, the high incidence of stomach cancer in Japan has been linked
to the use of rice dusted with talc containing asbestos. Experiments on rats
have also shown that asbestos fibres can penetrate through the digestive tract
and
be c
arri
ed t
o th
e ot
her
orga
ns o
f th
e bo
dy.
Thus
, wh
ile
pres
ent
know
ledg
e
of p
ubli
c he
alth
aspe
cts
of a
sbes
tos
inge
sted
with
drin
king
wate
r is
inad
equa
te,
the
pot
ent
ial
haz
ard
is
def
ini
tel
y t
here
.
Jud
ge
Dev
itt
sta
ted
dur
ing
the
Res
erv
e M
ini
ng
Com
pan
y c
ase,
"It
is
not
req
uir
ed
by
law,
nor
by
com
mon
sens
e,
tha
t i
lln
ess
and
dea
th
are
con
dit
ion
s p
rec
ede
nt
to
tak
ing
pre
ven
tiv
e m
eas
ure
s
against such a health hazard."
Th
e
ba
ck
gr
ou
nd
le
vel
in
po
ta
bl
e
wa
te
r
sup
pl
ie
s
dr
awn
fr
om
the
Gr
ea
t
La
ke
s
ran
ges
bet
wee
n
0.1
and
3.0
X 1
06
fib
res
/2
wit
h
an
ave
rag
e
of
1.6
X
10
fi
br
eS
/Q
;
th
e
av
er
ag
e
as
be
st
os
co
nc
en
tr
at
io
n
in
th
e
U.
S.
in
tr
ea
te
d
po
ta
bl
e
wat
er
is
les
s
:ha
n
0.5
X 1
06
fib
res
/2.
Per
son
nel
wit
h
the
Env
iro
nme
nta
l
Pr
ot
ec
ti
on
Ag
en
cy
dr
in
ki
ng
wa
te
r
pr
og
ra
m
in
di
ca
te
th
at
<g
.l
X
10
6
fi
br
es
/R
is
a
de
si
ra
bl
e
le
ve
l
in
po
ta
bl
e
wa
te
r.
A
le
ve
l
of
0.
5
X
10
fi
br
es
/Q
in
po
ta
bl
e
wa
te
r
is
co
ns
id
er
ed
pr
ac
ti
ca
bl
e
in
the
Up
pe
r
Lak
es
and
or
di
na
ry
san
d
fi
lt
ra
ti
on
wil
l r
emo
ve
app
rox
ima
tel
y 9
0%
of
the
asb
est
os
fib
res
fro
m t
he
raw
wat
er.
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 In
the
Up
pe
r
La
ke
s,
th
e
we
st
er
n
ar
m
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La
ke
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pe
ri
or
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s
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st
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en
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at
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n
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e
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er
en
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os
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as
be
st
os
)
wh
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ee
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te
ro
ll
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ho
ll
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br
il
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en
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at
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st
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er
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ke
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ri
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ol
e,
di
sc
ha
rg
ed
to
La
ke
Su
pe
ri
or
on
ly
by
Re
se
rv
e
Mi
ni
ng
Co
mp
an
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e
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er
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e
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e
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RADIOACTIVITY
Ra
di
oa
ct
iv
it
y
in
the
Up
pe
r
La
ke
s
ar
is
es
fr
om
fo
ur
di
ff
er
en
t
so
ur
ce
s:
fa
ll
ou
t
fr
om
nu
cl
ea
r
we
ap
on
s
te
st
in
g,
di
sc
ha
rg
e
fr
om
the
Do
ug
la
s
Po
in
t
nu
cl
ea
r
co
mp
le
x,
dr
ai
na
ge
of
the
El
li
ot
La
ke
ur
an
iu
m
mi
ni
ng
are
a,
an
d
we
at
he
ri
ng
of
naturally radioactive minerals.
Fa
ll
ou
t
fr
om
nu
cl
ea
r
we
ap
on
s
te
st
in
g
pr
ov
id
es
es
se
nt
ia
ll
y
al
l
of
the
ma
n-
mad
e
rad
ioa
cti
vit
y,
pri
mar
ily
90S
r,
fou
nd
in
the
Upp
er
Lak
es.
Inp
uts
hav
e
dec
lin
ed
sin
ce
196
3
bec
aus
e
of
an
alm
ost
com
ple
te
mor
ato
riu
m
on
atm
osp
her
ic
explosions.
The
con
tro
lle
d r
ele
ase
of
rad
ioa
cti
ve
was
tes
fro
m
nuc
lea
r
fac
ili
tie
s
int
o
the
lak
es
via
coo
lin
g w
ate
r a
nd
rai
nou
t o
f s
tac
k d
isc
har
ges
is
the
sec
ond
SOu
rce
.
At
pre
sen
t t
he
onl
y f
aci
lit
ies
ope
rat
ing
in
the
Upp
er
Lak
es
Bas
in
are
the
Dou
gla
s P
oin
t n
ucl
ear
pow
er
sta
tio
n a
nd
the
Bru
ce
hea
vy
wat
er
pla
nt,
located on Lake Huron.
Min
ing
act
ivi
ty
in
the
Ell
iot
Lak
e a
rea
and
ass
oci
ate
d s
urf
ace
run
—of
f
from
tail
ings
pond
s re
sult
in 2
26Ra
reac
hing
the
Nort
h Ch
anne
l vi
a th
e Se
rpen
t
River.
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Th
e
r
e
a
r
e
n
o
n
u
c
l
e
a
r
g
e
n
e
r
a
t
i
n
g
s
t
a
t
i
o
n
s
p
l
a
n
n
e
d
f
o
r
L
a
k
e
S
u
p
e
r
i
o
r
b
e
f
o
r
e
L
2000;
therefore,
radioactivity
levels
should
gradually
decline.
The
total
e
q
u
i
v
a
l
e
n
t
w
h
o
l
e
-
b
o
d
y
d
o
s
e
(TED50),
m
e
a
s
u
r
e
d
us
i
n
g
m
e
t
h
o
d
s
s
p
e
c
i
f
i
e
d
by
the
International
Commission
on
Radiation
Protection
(ICRP),
should
drop
from
the
1
present
0.3
m
r
e
m
to
W0.2
m
r
e
m
by
2000.
The
proposed
objective
developed
by
1
the
C
a
n
a
d
i
a
n
and
the
U.S.
Radioactivity
Advisory
Groups
is
1.0
mrem.
Nuclear
generating
stations
in
the
Lake
Huron
Basin
are
under
construction
or
being
expanded
at
Midland,
Michigan
and
Douglas
Point,
Ontario;
these
should
be
fully
operational
by
the
mid—1980's.
A
site
is
being
selected
on
f
the
North
Channel
for
the
possible
development
of
a
station
to
be
completed
by
l
the
late
1980's.
See
Volume
II,
Chapters
3
and
6
for
details.
 
Tritium
(3H)
is
the
major
radioactive
contaminant
released
from
the
3
Canadian
CANDU
reactors.
By
2000
the
average
concentration
in
Lake
Huron
is
w
expected
to
reach
1000
pCi/Q
which
will
produce
a
TED5O
of
W0.2
mrem
to
an
individual
drinking
the
lake
water.
The
present
TED50
due
to
9OSr
of
0.5
mrem
will
have
dropped
to
0.3
by
2000
giving
a
total
from
9OSr
and
3H
of
0.5
mrem.
The
present
level
of
226Ra
near
the
mouth
of
the
Serpent
River
averages
5.7
pCi/ﬂ,
which
exceeds
jurisdictional
water
supply
criteria.
The
226Ra
input
to
the
North
Channel
via
the
Serpent
River
is
gradually
declining
due
to
remedial
programs
initiated
subsequent
to
1965;
however,
their
adequacy
to
reduce
the
levels
of
226Ra
to
meet
the
Ontario
drinking
water
criteria
is
not
known.
 
Except
near
the
mouth
of
the
Serpent
River,
pollution
of
the
Upper
Lakes
by
radioactivity
is
not
expected
to
exceed
the
proposed
ambient
water
quality
objective by the year 2000.
EROSION
The United States and Canadian shoreline of southern Lake Huron is
subject to erosion,
primarily of sand and gravel.
This area contributes 85%
l?
of the 6.6 X 105 m3 that is eroded annually from Lake Huron's shoreline.
The
major concerns are property loss and a reduction of water clarity.
The 10cal
consequences of this erosion are a slightly lower transparency and an increase
in total phosphorus concentration. Studies by the Pollution from Land Use
Activities Reference Group will yield definitive answers about the impact of
this erosion on water quality.
The Wisconsin shoreline of Lake Superior is subject to extensive erosion
0f red clay. The mean annual input is Wl.4 X 106 m3, 55% from shore erosion,
37% from resuspension, and 8% from stream runoff; in the summer shore erosion
is 70% of the total. Loadings from red clay comprise W92 of the phosphorus,
W4Z of the reactive silicate, and WAZ of the dissolved solids loadings to Lake
Superior. Though small on a whole—lake basis, these loadings constitute a
major input to the western arm of the lake and, as such, are a subject of
Concern. Increased turbidity affects potable water’supply intakes and 18
aesthetically unpleasing. The average open lake suspended solids concen—
tration is No.7 mg/R. In the western arm, west of the Apostle Islands, the
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disposal may greatly accelerate the release of metals and toxic materials to
the lake where they become available for bioaccumulation in the food chain.
For additional details see Chapters 6 of Volumes II and III.
The Reference Group concludes that dredging should not be expanded beyond
present levels and that all disposal should be in confined areas. Quantities
dredged are not expected to increase.
The Reference Group further concludes that dredging is a minor problem
with regard to total loadings to the lakes but can be highly significant in
its local impact. The Reference Group concurs with the conclusions of the
International Working Group on the Abatement and Control of Pollution from
Dredging Activities that the present criteria for evaluation of dredging
effects are scientifically inadequate.
VESSEL WASTES
Concern with vessel wastes is not so much with their contribution to the
total loadings to the lakes, but rather with their impact on harbours and
embayments. Discharges in these confined areas can seriously impair water
quality.
Vessel wastes are classed as personal (black and gray water), operational
(bilges), and functional (cargo spillage and ballast). Personal waste consists
primarily of sewage, galley and wash water, and solids such as food containers.
Operational waste consists of oily bilge waters, dunnage, and heat due to
discharges of cooling water. Functional waste consists of cargo residues.
Estimates of annual inputs by waste category are given in Table 7—5. On
a whole—lake basis, no parameter, except chloride into Lake Superior, constitutes
more than 1% of the total loading. Chloride into Lake Superior accounts for
4% of the total load and arises from discharge of sea water ballast, primarily
in the harbour areas. In addition, this discharge may result in the intro—
duction of salt and brackish water biota. Based on previous experience with
lampreys and alewives, this could be a serious problem.
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 TABLE 7-5
E
S
T
I
M
A
T
E
D
A
N
N
U
A
L
IN
PU
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F
R
O
M
V
E
S
S
E
L
W
A
S
T
E
S
 
(TONNES PER YEAR)
  
 
 
WA
ST
E
CA
TE
GO
RY
LA
KE
HU
RO
N
LA
KE
SU
PE
RI
OR
Pe
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on
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99
5
63
1
Op
er
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io
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l
33
3,
00
0
19
6,
00
0
Fu
nc
ti
on
al
33
,3
00
10
2,
00
0
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Transboundary movements of discharged vessel wastes appear to occur only
in shipping lanes near the international border.
Dis<narges in harbours have
not indicated the threat or possibility of transboundary movement.
SPILLS
The total volume of pollutants spilled in the Upper Lakes represents only
a small fraction of the total loadings. Most spills occur in shipping lanes,
channels, or harbours and usually involve a slug discharge. The short—term
impact in the immediate vicinity of the spill may be very serious. Spills of
oil and other hazardous materials have interfered with recreational water uses
and threatened water supplies and ecologically sensitive areas. Unfortunate—
ly, regulatory agencies have not conducted post—spill studies to determine the
long-term environmental effects associated with any spill incident.
Toxicity is directly and subtly related to the nature of the material
spilled and the rate of its dispersion or cleanup. Materials spilled include
anything used in manufacturing or being transported. There are as many causes
and each response is unique. Neutralizing agents, if employed, may also be as
harmful as the material spilled.
During 1973 and 1974 there were 115 direct spills of oil or petroleum
distillate in the Upper Lakes (34 on Lake Superior and 81 on Lake Huron) with
a loss of more than 286,000 1, and 17 incidents which involved other poten—
tially hazardous materials (8 on Lake Superior and 9 on Lake Huron). Chemicals
or o
ther
such
pote
ntia
lly
haza
rdou
s
mate
rial
sspil
led
to w
ater
cour
ses
are
gene
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y no
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e.
The
spil
l re
port
s in
dica
te t
hat
for
oil
Spil
ls,
<50%
of
the
pro
duc
t s
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es
ne
ar
the
in
te
rn
at
io
na
l
bor
der
.
Non
e
of
the
spi
ll
in
ci
de
nt
s
fro
m
sh
or
e
fac
i—
li
ti
es
ha
s
in
di
ca
te
d
th
e
th
re
at
or
po
ss
ib
il
it
y
of
tr
an
sb
ou
nd
ar
y
mo
ve
me
nt
of
the spilled pollutant.
Se
ve
ra
l
sp
il
l
co
nt
in
ge
nc
y
pl
an
s
ha
ve
be
en
de
ve
lo
pe
d
wh
ic
h
de
al
wi
th
ma
jo
r
sp
il
ls
to
th
e
Gr
ea
t
La
ke
s,
in
cl
ud
in
g
th
e
in
te
r—
co
nn
ec
ti
ng
ch
an
ne
ls
an
d
tr
ib
u—
ta
ry
wa
te
rc
ou
rs
es
.
Th
e
co
nt
in
ge
nc
y
pl
an
s
em
ph
as
iz
e
th
e
ad
mi
ni
st
ra
ti
ve
st
ru
ct
ur
e
ne
ce
ss
ar
y
fo
r
th
e
co
un
te
rm
ea
su
re
s
re
sp
on
se
to
th
es
e
sp
il
ls
an
d
do
no
t
al
wa
ys
in
cl
ud
e
de
ta
il
ed
re
Sp
on
se
pr
oc
ed
ur
es
fo
r
de
al
in
g
ef
fe
ct
iv
el
y
wi
th
oi
ls
or
ot
he
r
sp
il
le
d
po
ll
ut
an
ts
.
Th
er
e
is
al
so
ro
om
fo
r
im
pr
ov
in
g
th
e
st
at
e
of
pr
e—
pa
re
dn
es
s
an
d
th
e
re
sp
on
se
te
ch
no
lo
gy
.
THERMAL DISCHARGES
T
h
e
l
a
r
g
e
s
t
s
i
n
g
l
e
i
n
d
u
s
t
r
th
ro
ug
h
co
ol
in
g
of
nu
cl
ea
r
or
f
i
a
l
u
s
e
o
f
G
r
e
a
t
L
a
k
e
s
w
a
t
e
r
s
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f
o
r
t
h
e
o
n
c
e
—
o
s
s
i
l
—
f
u
e
l
e
d
t
h
e
r
m
a
l
—
e
l
e
c
t
r
i
c
p
o
w
e
r
p
l
a
n
t
s
.
T
h
e
c
o
n
s
e
q
u
e
n
c
e
s
o
f
t
h
i
s
u
s
e
o
f
t
h
e
l
a
k
e
w
a
t
e
r
i
n
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l
u
d
e
d
i
r
e
c
t
h
e
a
t
i
n
g
o
f
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w
a
t
e
r
,
e
n
h
a
n
c
e
d
e
v
a
p
o
r
a
t
i
o
n
f
r
o
m
t
h
e
l
a
k
e
s
u
r
f
a
c
e
,
e
n
t
r
a
i
n
m
e
n
t
o
f
b
i
o
t
a
i
n
t
o
t
h
e
c
o
o
l
i
n
g
w
a
t
e
r
s
y
s
t
e
m
,
a
n
d
e
f
f
e
c
t
s
O
n
t
h
e
b
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o
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o
g
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l
c
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m
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n
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n
t
h
:
a
r
e
a
e
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e
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t
o
t
h
e
h
e
a
t
e
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w
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r
.
T
h
e
s
e
i
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t
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k
e
—
d
i
s
c
h
a
r
g
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s
y
s
t
e
m
s
m
a
y
a
l
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c
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c
u
r
r
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p
a
t
t
e
r
n
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n
d
t
h
i
s
c
a
n
h
a
v
e
a
n
i
m
p
a
c
t
u
p
o
n
t
h
e
b
i
o
l
o
g
i
c
a
l
c
o
m
—
m
u
n
i
t
y
i
n
o
r
p
a
s
s
i
n
g
t
h
r
o
u
g
h
t
h
e
z
o
n
e
o
f
i
m
p
a
c
t
.
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Nine fossil—fueled power plants discharge waste heat to Lake Superior.
Although the temperature of the cooling water is raised as much as 16.7 C° by
the waste heat, there are no present violations of temperature criteria.
Three fossil—fueled plants and one nuclear power plant complex discharge
waste heat to Lake Huron. The heat discharged from the fossil—fueled plants
raises the cooling water as much as 9 C° above ambient. The Bruce nuclear
complex, which also includes a heat—discharging heavy water production plant,
is the largest thermal facility on the Upper Lakes. When fully operational,
it will annually discharge 127 X 109 kWh of heat and will raise the cooling
water a maximum of 11.1 C° above ambient. This could occasionally exceed both
the
maxi
mum
perm
issi
ble
ambi
ent
wate
r t
empe
ratu
re o
f 32
.2°C
and
Onta
rio'
s
crit
eria
for
ther
mal
disc
harg
es.
The
volu
me o
f co
olin
g wa
ter
will
be m
uch
greater for the Bruce complex than for even the largest fossil-fueled plant on
the Upper Lakes (406 m3/s vs. 34.1 m3/s for the J.C. Weadock plant at Essex—
ville, Michigan); hence the influence of the thermal discharge will be more
extensive.
Stud
ies
indi
cate
that
when
full
y op
erat
iona
l th
e pl
ume
from
Bruc
e "A
"
will
be d
etec
tabl
e 5
km f
rom
the
disc
harg
e.
Stud
ies
at t
he D
ougl
as P
oint
gene
rati
ng s
tati
on h
ave
show
n al
tera
tion
s in
the
seas
onal
prod
ucti
vity
of
cert
ain
gene
ra o
f zo
opla
nkte
rs,
incr
ease
d nu
mber
s of
Olig
ocha
etes
, a
nd d
e—
creased numbers of Heptageniidae in the thermal discharge.
Ele
ctr
ica
l g
ene
rat
ing
cap
aci
ty
wil
l i
ncr
eas
e i
n t
he
Upp
er
Lak
es
Bas
in
but
the
only
addi
tion
al l
arge
ther
mal
disc
harg
e pr
esen
tly
plan
ned
is a
ssoc
iate
d
wit
h a
n e
ner
gy
cen
tre
to
be
sit
ed
on
the
Nor
th
Chan
nel.
Ont
ari
o H
ydr
o w
ill
be
req
uir
ed
to
car
ry
out
an
env
iro
nme
nta
l a
sse
ssm
ent
of
the
pro
pos
ed
ins
tal
lat
ion
.
ATMOSPHERIC INPUTS
Air
bor
ne
par
tic
ula
tes
and
gas
es
con
sti
tut
e a
tmo
sph
eri
c i
npu
ts
to
the
Upp
er
Lak
es
thr
oug
h d
epo
sit
ion
or
by
pre
cip
ita
tio
n w
ash
out
.
The
mat
eri
als
ent
er
the
atm
osp
her
e f
rom
bot
h n
atu
ral
and
ant
hro
pog
eni
c s
our
ces
, b
ut
the
lat
ter
are
bel
iev
ed
to
be
dom
ina
nt.
Tra
nsp
ort
dis
tan
ces
may
be
tho
usa
nds
of
kil
ome
tre
s;
sou
rce
s a
s f
ar
awa
y a
s S
t.
Loui
s,
Mis
sou
ri
are
imp
ort
ant
.
The
atm
osp
her
ic
inp
uts
mak
e u
p
abo
ut
19%
(80
0 t
/a)
of
the
tot
al
pho
s—
pho
rus
loa
d t
o L
ake
Sup
eri
or
and
11%
(62
0 t
/a)
of
the
loa
d t
o L
ake
Hur
on.
For
lea
d a
nd
cop
per
,
atm
osp
her
ic
loa
din
gs
are
est
ima
ted
to
be
30—
40%
of
the
tot
al
inp
ut.
Pre
lim
ina
ry
mea
sur
eme
nts
ind
ica
te
tha
t
the
atm
osp
her
e
is
als
o
a p
rim
ary
pat
hwa
y
of
syn
the
tic
org
ani
cs
to
the
Upp
er
Lak
es.
The
atm
osp
her
ic
inp
uts
dir
ect
ly
ent
er
the
eup
hot
ic
zon
e
of
the
ent
ire
lak
e a
nd
are
ava
ila
ble
imm
e—
dia
tel
y
to
the
bio
log
ica
l
com
mun
ity
,
whi
le
tri
but
ary
loa
ds
are
ava
ila
ble
to
muc
h o
f t
he
pro
duc
tiv
e s
yst
em
onl
y a
fte
r d
iff
usi
on
and
mix
ing
.
Thi
s m
ay
dec
rea
se
the
imp
ort
anc
e o
f
atm
osp
her
ic
inp
uts
rel
ati
ve
to
sho
rel
ine
loa
din
gs
in
tha
t t
hey
ent
er
in
dil
ute
con
cen
tra
tio
ns
and
the
y c
rea
te
no
loc
al
imp
act
.
Atm
osp
her
ic
inp
uts
are
, h
owe
ver
, m
ore
ava
ila
ble
to
the
ope
n l
ake
wat
ers
.
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 Since sources are closely related to land use and industrial activity, it
must be assumed that the loading to the atmosphere will increase, in general,
with economic growth. Air pollution control measures can counterbalance this
increase. Shifts in economic factors such as increased use of fossil fuels
and the introduction or withdrawal from use of synthetic organics, such as
PCB's or DDT, will also significantly influence loadings.
The relative and the absolute contributions of various areas of the
United States and Canada to the atmospheric loading of Lakes Superior and
Huron were estimated, based upon a long—range atmospheric transport and depo—
sition model. The relative contribution from each area to the loading of
nutrients, minerals, and selected trace metals can be considered representa—
tive, although absolute levels must be considered tentative; details are given
in Chapters 3 of Volumes II and III. The model indicated that about 77% of
the atmospheric phosphorus loading to Lake Superior and about 85% to Lake
Huron are from U.S. sources. About 85% of the atmospheric trace metals loading
to Lake Superior and about 93% to Lake Huron are from U.S. sources.
The
sour
ces
of a
tmos
pher
ic i
nput
s to
the
Uppe
r La
kes
cove
r mu
ch o
f th
e
nort
heas
tern
Unit
ed S
tate
s an
d so
uthe
aste
rn C
anad
a an
d in
clud
e di
vers
e ac
ti—
vit
ies
suc
h a
s d
ome
sti
c,
indu
stri
Ll,
and
agr
icu
ltu
ral
land
use.
Thus
, c
ont
rol
of
this
loa
din
g s
our
ce
cou
ld
be
eff
ect
ive
only
if
app
lie
d t
o a
vas
t a
rea.
Whi
le
the
sou
rce
s o
f p
hos
pho
rus
are
not
wel
l e
sta
bli
she
d,
it
is
est
ima
ted
tha
t
the
Chi
cag
o a
rea
con
tri
but
es
13%
of
the
atm
osp
her
ic
pho
sph
oru
s l
oad
to
Lak
e
Sup
eri
or.
Sin
ce
the
atm
osp
her
ic
con
tri
but
ion
of
pho
sph
oru
s t
o L
ake
Sup
eri
or
is
19
%
of
the
to
ta
l’
in
pu
t,
co
mp
le
te
el
im
in
at
io
n
of
the
at
mo
sp
he
ri
c
ph
os
ph
or
us
so
ur
ce
s
in
the
Ch
ic
ag
o
ar
ea
wo
ul
d
re
du
ce
the
tot
aZ
loa
d
of
ph
os
ph
or
us
to
La
ke
Su
pe
ri
or
by
on
ly
ab
ou
t
2.5
%.
Al
l
oth
er
so
urc
e
ar
ea
s
ar
e
of
le
ss
er
im
po
rt
an
ce
.
Th
us
,
co
nt
ro
l
of
at
mo
sp
he
ri
c
lo
ad
in
g
to
th
e
Up
pe
r
La
ke
s
wo
ul
d
be
di
ff
ic
ul
t.
Si
gn
if
ic
an
t
re
du
ct
io
ns
co
ul
d
be
ac
hi
ev
ed
on
ly
by
ve
ry
ex
te
ns
iv
e
co
nt
ro
l
of
em
is
si
on
s
to
th
e
at
mo
sp
he
re
ov
er
la
rg
e
ar
ea
s.
  
  
   
. “ISIS
Most
existing
water
quality
problems
in
Lakes
Superior
and
Huron
are
located
in
nearshore
areas
and
are
attributable
to
specific
municipal
or
industrial
discharges.
A
summary
of
capital
costs,
in
1973
dollars,
for
waste
collection and
treatment
facilities
to
alleviate
these
problems
is
given in Table 8—1.
In
many
cases,
the
respective
jurisdictions
had
already
identified
the
remedial measures
necessary
to bring municipal
and
industrial
discharges
into
compliance
with
jurisdictional
or
Agreement
objectives.
These
remedial
programs
are presently
in the planning
or
construction
stages.
In
the U.S.,
this
includes
a national
minimum requirement
for secondary
treatment
of
municipal
wastes
plus
varying
state
requirements
for removal
of phosphorus
and tertiary treatment for reduction of organics.
In Canada,
the remedial
programs are directed
towards meeting water quality objectives which
have been established
in a manner to protect water uses;
as such,
there
is no minimum requirement for secondary treatment or phosphorus removal.
Municipal waste treatment costs given in Table 8-1 include land acquisition,
engineering, and twenty—year design capacity but do not include sewer
extensions for new development or operating costs.
The industrial cost estimates are based on best practicable waste treat—
ment technology in both countries, but do not include cost of on—land disposal
by Reserve Mining Company. It was assumed that industries would treat wastes
on site. Increased water recycling and modification of manufacturing processes
to use less water and to minimize product and by—product losses may reduce
these estimated costs.
The capital costs for municipal waste collection and treatment facilities
to correct existing water quality problems in the Upper Lakes are estimated
at $195,000,000 and $79,000,000 in the United States and Canada, respectively.
Industrial waste treatment requirements are estimated as $109,000,000 and
$192,000,000, respectively. To meet nondegradation recommendations pertaining
to phosphorus removal at all plants would require an estimated additional
capital expenditure of $2,000,000 in Canada.
Based upon present technology and agency criteria, the additional
expenditures required in order to maintain adequate municipal treatment to
the year 2000 for municipalities in Ontario have been estimated, in 1975
dollars, at $6,500,000 for the Lake Superior Basin and $70,500,000 for the
Lake Huron Basin. No estimates have been made for new industries.
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ESTIMATED
TABLE 8-1
 
CA
PI
TA
L
CO
ST
S
FO
R
WA
ST
E
TR
EA
TM
EN
Ta
    
 
  
MU
NI
CI
PA
L
IN
DU
ST
RI
AL
TO
TA
L
LAKE HURON
Un
it
ed
St
at
es
12
4,
00
0,
00
0
86
,0
00
,0
00
21
0,
00
0,
00
0
Can
ada
31,
000
,00
0
48,
000
,00
0
79,
000
,00
0
LAKE SUPERIOR
Uni
ted
Sta
tes
71,
000
,00
0
23,
000
,00
0
94,
000
,00
0
Can
ada
48,
000
,00
0
144
,00
0,0
00
192
,00
0,0
00
Unit
ed S
tate
s
195,
000,
000
109,
000,
000
304,
000,
000
Cana
da
79,0
00,0
00
192,
000,
000
271,
000,
000
1973 dollars
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Other
measures
required
to
protect
water
quality
include
on—land
disposal
6
of mining
tailings
by
Reserve
Mining Company,
containment
of
polluted
dredge
W
spoil,
correction
of
combined
sewer
overflows,
control
of
pollution
from land
drainage,
control
of
vessel
wastes,
prevention
of
spills
of
oil
and
hazardous
materials,
disposal
of
waste
heat,
and
control
of
radioactivity.
d
The
cost
of
on—land
disposal
of
mining
tailings
by
Reserve
Mining
will
depend
on
the
details
of
site
selection
and
prOCedures
used,
and
is estimated
at
about
$300,000,000.
In
the
U.S.
the
capital
cost
of
the
present
program
to
contain
polluted
dredge
spoil
is
estimated
at
$59,600,000
for
Lake
Huron
and
$4,300,000
for
Lake
Superior.
There
is
very
little
dredging
of
Upper
Lakes harbours
in Canada, but where contaminated materials are encountered,
the spoils are generally incorporated into landfill operations utilizing
existing containment areas.
No costs are presently available for a permanent
dredging disposal area at Thunder Bay.
Although the Reference Group did not undertake studies to directly
relate storm and combined sewer overflows
to water quality problems, prelimin—
ary studies in both countries have provided some tentative costs.
In the
p
U.S. the capital costs of programs to correct combined sewers is estimated at
0
$130,000,000 for Lake Huron and $30,000,000 for Lake Superior.
Similar costs
for Canada have been estimated at $150,000,000 for Lake Huron and $25,000,000
for Lake Superior.
@-
Reasonably accurate estimates of the costs for the remaining remedial
h
programs are not available, but these are assumed to be a small part of the
"
total. Pollution from land drainage is currently being studied by the Pollu—
tion from Land Use Activities Reference Group, and control measures and costs
will be developed as a part of their report, scheduled for completion in
1978. Costs for vessel waste treatment and control may be large for individual
vessel operators but are a relatively small part of the total cost picture.
Similarly, costs for measures for spill prevention and control are usually
small in comparison to the other costs for pollution control and are often
more concerned with operational procedures than with capital costs.
Costs for waste heat disposal and control of radioactivity are mostly
concerned with thermal power production, except for a past radioactivity
problem in the drainage from the Elliot Lake, Ontario, uranium mining area
which is now largely under control. Most costs for control of waste heat and
radioactivity are concerned with future thermal power developments for which ‘
detailed plans or costs have not been finalized. The most important area of {5
present or planned thermal power development is the Douglas Point, Ontario, 3;
nuclear power complex.
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g] ﬁllHVHllANlil
The waters
of
Lake
Superior
and Lake
Huron
for
the most
part have
been
shown to be nondegraded to any significant extent.
However,
a number of areas
have
been identified where Agreement objectives or agency standards have been
violated or where definite changes in water, sediment, and fish quality have
been identified.
For those areas where violations or impairment have been identified,
remedial measures are either in force or implementation is specifically
recommended by the Reference Group.
Where remedial measures are in place,
surveillance of their effectiveness to resolve the identified water quality
problems is required. Where surveillance proves these measures to be inade—
quate, additional remedial measures will be recommended. For those cases
where the Reference Group has recommended specific remedial measures, surveil-
lance of the immediate receiving waters should be carried out when the recom—
mended measures have been implemented.
/
For those areas where the Reference Group's survey activities have
identified some degradation, surveillance is recommended to clarify the
extent and seriousness of this degradation.
Although neither Lake Superior nor Lake Huron is considered to be in
equilibrium with its present waste inputs, it is not expected that future
changes in water quality will be of sufficient magnitude or seriousness to
warrant an extensive Open water surveillance effort on a yearly basis. In
comparison to the Lower Lakes, Lakes Huron and Superior possess much greater
volumes of water while at the same time are subject to only a fraction of the
materials input. Therefore, changes in the water quality of the main bodies
of these lakes, even under projected loads, will occur at an extremely slow
rate. In terms of the surveillance effort required, this means that assess—
ment of Open lake conditions would be adequate on a 10—15 year interval in the
Upper Lakes compared to the annual programs necessary on Lakes Erie and Ontario
The achievement of nondegradation depends on minimizing any increase in
materials loading to the lakes. The Reference Group, therefore, recommends
that priority be placed on refining present municipal, industrial, and tribu—
tary loading estimates and maintaining intensive monitoring of major inputs
and the receiving waters such that excessive increases in loading can be
quickly identified as to source and measures to reduce the inputs implemented.
The
qual
ity
of t
hese
near
shor
e wa
ters
is n
atur
ally
high
ly v
aria
ble,
and
moni
—
tori
ng o
f th
ese
area
s wo
uld
also
bett
er d
efin
e ne
arsh
ore
base
line
cond
itio
ns.
 
 The
gen
era
lly
goo
d q
ual
ity
of
the
Upp
er
Lak
es,
as
evi
den
ced
by
low
con
cen
tra
tio
ns
of
man
y c
ons
tit
uen
ts
in
the
wate
r,
sed
ime
nt,
and
bio
ta,
pre
sen
ts
spe
cia
l c
onc
ern
s f
or
mea
sur
eme
nts
in
the
sur
vei
lla
nce
pro
gra
m.
The
Com
mit
tee
for
Dat
a Q
ual
ity
has
rep
ort
ed
to
the
Ref
ere
nce
Gro
up.
The
ir
rec
omm
end
ati
ons
mak
e c
lea
r t
he
nee
d f
or
dem
ons
tra
tio
n o
f a
ccu
rac
y,
pre
cis
ion
,
and
sen
sit
ivi
ty,
and
the
nee
d f
or
wit
hin
— a
nd
bet
wee
n—l
abo
rat
ory
com
par
abi
lit
y o
f f
iel
d a
nd
lab
ora
tor
y p
roc
edu
res
, t
erm
ino
log
y,
and
unit
s.
Thi
s a
cti
vit
y i
s e
sse
nti
al
to
pro
vid
e t
he
dat
a q
ual
ity
ass
ura
nce
nec
ess
ary
for
sur
vei
lla
nce
or
any
oth
er
pro
gra
m o
f s
tud
y f
or
the
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
.
The
Ref
ere
nce
Gro
up
is
ple
ase
d t
o s
ee
the
pro
min
enc
e o
f s
uch
con
sid
era
tio
ns
in
the
sur
vei
lla
nce
program.
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o
s
a
g
e
PREFIX
kilo—
centi—
milli—
micro—
nano—
pico-
D
E
R
I
V
E
D
;
A
N
D
R
E
L
A
T
E
D
U
N
I
T
S
NAME
gram
tonne
metre
litre
second
hour
day
year
degree Celsius
watt
volt
Siemens
curie
H
rontgen
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SYMBOL
H
0
0
a
3
‘
m
a
:
a
C
D
Ci
rem
SYMBQL
D
‘
E
B
'
U
EQUIVALENT
1
t
=
1
0
0
0
k
g
1 S = l mho
ll
r
e
m
=
r
o
n
t
g
e
n
e
q
u
i
—
valent man
 
CO
N
V
E
R
S
I
O
N
O
F
81
U
N
I
T
S
T
O
F
O
O
T
/
P
O
U
N
D
1 kg
1 m
1 Z
1 Z
l m3/s
l m3/s
l m3/s
0°C
1.8 C°
1 W
1 Ci
H
2.205
3.281
0.2200
0.2642
35.31
19.01
22.82
32°F
UNITS
pounds
feet
Canadian gallons
U.S. gallons
cu
bi
c
fe
et
pe
r
se
co
nd
m
i
l
l
i
o
n
Ca
na
di
an
ga
ll
on
s
pe
r
da
y
m
i
l
l
i
o
n
U
.
S
.
g
a
l
l
o
n
s
p
e
r
d
a
y
l F° (interval)
3.412
Btu per hour
3.
7
X
10
10
n
u
c
l
e
a
r
d
i
s
i
n
t
e
g
r
a
t
i
o
n
s
p
e
r
s
e
c
o
n
d
192
 M
W
E
W
W
H
M
E
W
M
H
I
U
H
M
I
W
l
l
l
l
l
l
ﬂ
l
l
l
l
,
S
l
ﬂ
N
ﬂ
ﬂ
H
ﬂ
S
,
I
I
I
I
J
H
H
W
E
S
,
ﬂ
N
l
l
E
U
I
I
I
H
I
N
E
S
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 O
R
G
A
N
I
Z
A
T
I
O
N
A
p
p
e
n
d
i
x
C
l
i
s
t
s
c
r
i
t
e
r
i
a
,
s
t
a
n
d
a
r
d
s
,
o
b
j
e
c
t
i
v
e
s
t
o
U
p
p
e
r
L
a
k
e
s
w
a
t
e
r
s
.
T
o
d
i
s
p
l
a
y
t
h
i
s
m
a
t
e
r
i
a
l
,
p
a
r
a
l
p
h
a
b
e
t
i
c
a
l
o
r
d
e
r
.
F
o
r
e
a
c
h
p
a
r
a
m
e
t
e
r
,
u
p
t
o
f
i
v
e
w
a
t
e
r
u
s
e
s
a
r
e
s
p
e
c
i
f
i
e
d
a
n
d
t
h
e
a
p
p
r
o
p
r
i
a
t
e
a
g
e
n
c
y
m
a
t
e
r
i
a
l
l
i
s
t
e
d
u
n
d
e
r
e
a
c
h
u
s
e
.
T
h
e
f
o
r
m
a
t
i
s
:
,
a
n
d
g
u
i
d
e
l
i
n
e
s
a
p
p
l
i
e
d
a
m
e
t
e
r
s
a
r
e
l
i
s
t
e
d
i
n
P
A
R
A
M
E
T
E
R
‘
W
A
I
E
R
U
S
E
I
T
E
M
I
n
a
l
p
h
a
b
e
t
i
c
a
l
R
a
w
w
a
t
e
r
A
g
r
e
e
m
e
n
t
O
b
j
e
c
t
i
v
e
o
r
d
e
r
D
r
i
n
k
i
n
g
w
a
t
e
r
P
r
o
p
o
s
e
d
A
g
r
e
e
m
e
n
t
O
b
j
e
c
t
i
v
e
R
e
c
r
e
a
t
i
o
n
U
.
S
.
W
a
t
e
r
Q
u
a
l
i
t
y
C
r
i
t
e
r
i
a
F
i
s
h
a
n
d
A
q
u
a
t
i
c
L
i
f
e
U
.
S
.
D
r
i
n
k
i
n
g
W
a
t
e
r
S
t
a
n
d
a
r
d
D
r
e
d
g
i
n
g
C
a
n
a
d
i
a
n
F
e
d
e
r
a
l
S
t
a
n
d
a
r
d
o
r
Guideline
C
a
n
a
d
i
a
n
D
r
i
n
k
i
n
g
W
a
t
e
r
O
b
j
e
c
t
i
v
e
M
i
c
h
i
g
a
n
S
t
a
t
e
S
t
a
n
d
a
r
d
M
i
n
n
e
s
o
t
a
S
t
a
t
e
S
t
a
n
d
a
r
d
W
i
s
c
o
n
s
i
n
S
t
a
t
e
S
t
a
n
d
a
r
d
O
n
t
a
r
i
o
P
r
o
v
i
n
c
i
a
l
S
t
a
n
d
a
r
d
or Criteria
O
n
t
a
r
i
o
P
r
o
v
i
n
c
i
a
l
D
r
i
n
k
i
n
g
W
a
t
e
r
O
b
j
e
c
t
i
v
e
U
.
S
.
E
P
A
D
r
e
d
g
i
n
g
G
u
i
d
e
l
i
n
e
s
O
n
t
a
r
i
o
P
r
o
v
i
n
c
i
a
l
M
a
r
i
n
e
C
o
n
s
t
r
u
c
t
i
o
n
G
u
i
d
e
l
i
n
e
s
I
n
W
i
s
c
o
n
s
i
n
,
d
r
i
n
k
i
n
g
w
a
t
e
r
s
t
a
n
d
a
r
d
s
e
s
s
e
n
t
i
a
l
l
y
f
o
l
l
o
w
t
h
e
U
.
S
.
d
r
i
n
k
i
n
g
w
a
t
e
r
s
t
a
n
d
a
r
d
s
;
w
i
t
h
a
d
e
q
u
a
t
e
t
r
e
a
t
m
e
n
t
,
r
a
w
s
u
r
f
a
c
e
i
n
t
a
k
e
w
a
t
e
r
i
s
t
o
c
o
n
f
o
r
m
t
o
d
r
i
n
k
i
n
g
w
a
t
e
r
s
t
a
n
d
a
r
d
s
.
M
i
c
h
i
g
a
n
d
r
i
n
k
i
n
g
w
a
t
e
r
s
t
a
n
d
a
r
d
s
c
o
n
f
o
r
m
w
i
t
h
U
.
S
.
d
r
i
n
k
i
n
g
w
a
t
e
r
s
t
a
n
d
a
r
d
s
.
M
i
c
h
i
g
a
n
r
a
w
s
u
r
f
a
c
e
w
a
t
e
r
s
t
a
n
d
a
r
d
s
a
t
i
n
t
a
k
e
p
i
p
e
l
o
c
a
t
i
o
n
s
a
r
e
i
d
e
n
t
i
c
a
l
t
o
d
r
i
n
k
i
n
g
w
a
t
e
r
s
t
a
n
d
a
r
d
s
.
A
p
p
e
n
d
i
x
C
i
s
i
n
t
e
n
d
e
d
t
o
b
e
g
e
n
e
r
a
l
.
F
o
r
a
c
o
m
p
l
e
t
e
d
e
s
c
r
i
p
t
i
o
n
o
f
e
a
c
h
i
t
e
m
c
o
n
s
u
l
t
t
h
e
s
o
u
r
c
e
s
o
f
i
n
f
o
r
m
a
t
i
o
n
,
l
i
s
t
e
d
a
t
t
h
e
e
n
d
o
f
t
h
e
a
p
p
e
n
d
i
x
.
T
h
e
t
e
r
m
s
c
r
i
t
e
r
i
a
,
s
t
a
n
d
a
r
d
,
o
b
j
e
c
t
i
v
e
,
a
n
d
g
u
i
d
e
l
i
n
e
,
a
s
u
s
e
d
b
y
e
a
c
h
a
g
e
n
c
y
,
a
r
e
d
e
f
i
n
e
d
i
n
V
o
l
u
m
e
s
II
a
n
d
III.
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P
A
R
A
M
E
T
E
R
U
S
E
A
N
D
A
G
E
N
C
Y
C
R
I
T
E
R
I
A
,
S
T
A
N
D
A
R
D
S
;
O
B
J
E
C
T
I
V
E
S
;
A
N
D
G
U
I
D
E
L
I
N
E
S
 
Fish
and
Aqu
ati
c Li
fe
US
Wat
er
Qua
lit
y C
rit
eri
a
Add
iti
on
of
wea
kly
ass
oci
ate
d a
cid
s a
nd
alk
ali
es
— t
oxi
cit
y b
ioa
ssa
y.
(Se
e
Al
so
Di
el
dr
in
)
 
1
9
6
Ra
m
Wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
Des
ira
ble
and
Per
mis
sib
le:
Can
adi
an
Fed
era
l G
uid
eli
nes
Obj
ect
ive
and
acc
ept
abl
e:
Ma
xi
mu
m
pe
rm
is
si
bl
e:
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Mic
hig
an
Sta
te
Sta
nda
rd
Dr
in
ki
ng
Wa
te
r
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Obj
ect
ive
and
acc
ept
abl
e:
Max
imu
m
per
mis
sib
le:
Wis
con
sin
Sta
te
Sta
nda
rd
Fis
h a
nd
Aqu
ati
c
Lif
e
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
absent
not
de
te
ct
ab
le
0.0
17
mg/
i
abs
ent
0.0
17
mg/
Q
0.0
17
mg/
Q
not de
tectab
le
0.0
17
mg/
Q
0.0
01
mg/
Q
0.0
03
ug/
Q
_
not
exc
eed
1/1
0
to
1/1
00
of
48—
hou
r
TLm
 
Fis
h
and
Aqu
ati
c
Lif
e
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
0.
00
1
Ug
/Q
   
Ra
w
Wa
te
r
US
Wat
er
Qua
lit
y
Cri
ter
ia
Dr
in
ki
ng
Wa
te
r
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Ac
ce
pt
ab
le
:
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
Can
adi
an
Fed
era
l G
uid
eli
nes
Onta
rio
Prov
inci
al
Crit
eria
220
ug/
l.
Nor
mal
to
nat
ura
l
wat
er:
30
to
500
mg/
!.
30
to
500
mg
/2
Not
to
be
dec
rea
sed
bel
ow
nat
ura
l
lev
el
by
mor
e
tha
n
25%
Aci
d
sho
uld
not
be
add
ed
in
suf
fic
ien
t
qua
nti
ty
to
low
er
the
tot
al
alk
ali
nit
y
to
<20
mg/
l
  
 P
A
R
A
M
E
T
E
R
U
S
E
A
N
D
A
G
E
N
C
Y
C
R
I
T
E
R
I
A
,
S
T
A
N
D
A
R
D
S
;
O
B
J
E
C
T
I
V
E
S
;
A
N
D
G
U
I
D
E
L
I
N
E
S
A
L
K
Y
L
B
E
N
Z
E
N
E
S
U
L
F
O
N
A
T
E
(
A
B
S
)
D
r
i
n
k
i
n
g
W
a
t
e
r
U
S
D
r
i
n
k
i
n
g
W
a
t
e
r
S
t
a
n
d
a
r
d
O
n
t
a
r
i
o
P
r
o
v
i
n
c
i
a
l
D
r
i
n
k
i
n
g
W
a
t
e
r
O
b
j
e
c
t
i
v
e
R
e
c
r
e
a
t
i
o
n
C
a
n
a
d
i
a
n
F
e
d
e
r
a
l
G
u
i
d
e
l
i
n
e
s
O
b
j
e
c
t
i
v
e
:
M
a
x
i
m
u
m
l
i
m
i
t
:
F
i
s
h
a
n
d
A
q
u
a
t
i
c
L
i
f
e
U
S
W
a
t
e
r
Q
u
a
l
i
t
y
C
r
i
t
e
r
i
a
O
n
t
a
r
i
o
P
r
o
v
i
n
c
i
a
l
C
r
i
t
e
r
i
a
 
t
_
l
,
A
M
M
O
N
I
A
1
9
7
  
R
a
w
w
a
t
e
r
P
r
o
p
o
s
e
d
A
g
r
e
e
m
e
n
t
O
b
j
e
c
t
i
v
e
U
S
W
a
t
e
r
Q
u
a
l
i
t
y
C
r
i
t
e
r
i
a
(
a
s
N
)
D
e
s
i
r
a
b
l
e
:
P
e
r
m
i
s
s
i
b
l
e
:
C
a
n
a
d
i
a
n
F
e
d
e
r
a
l
G
u
i
d
e
l
i
n
e
s
(
a
s
N
)
O
b
j
e
c
t
i
v
e
:
A
c
c
e
p
t
a
b
l
e
:
M
i
c
h
i
g
a
n
S
t
a
t
e
S
t
a
n
d
a
r
d
(
t
o
t
a
l
a
m
m
o
n
i
a
)
O
n
t
a
r
i
o
P
r
o
v
i
n
c
i
a
l
C
r
i
t
e
r
i
a
(
a
s
N
)
D
e
s
i
r
a
b
l
e
:
P
e
r
m
i
s
s
i
b
l
e
:
D
r
i
n
k
i
n
g
w
a
t
e
r
C
a
n
a
d
i
a
n
D
r
i
n
k
i
n
g
W
a
t
e
r
O
b
j
e
c
t
i
v
e
s
(
a
s
N
O
b
j
e
c
t
i
v
e
:
A
c
c
e
p
t
a
b
l
e
:
F
i
s
h
a
n
d
A
q
u
a
t
i
c
L
i
f
e
P
r
o
p
o
s
e
d
A
g
r
e
e
m
e
n
t
O
b
j
e
c
t
i
v
e
0
.
5
m
g
/
Q
0
.
5
m
g
/
R
(
l
e
s
s
t
h
a
n
f
o
a
m
t
h
r
e
s
h
o
l
d
)
<
0
.
0
5
m
g
/
K
a
s
A
B
S
e
q
u
i
v
a
l
e
n
t
2
.
0
m
g
/
Q
a
s
A
B
S
e
q
u
i
v
a
l
e
n
t
C
o
n
c
e
n
t
r
a
t
i
o
n
o
f
c
o
n
t
i
n
u
o
u
s
e
x
p
o
s
u
r
e
s
h
o
u
l
d
n
o
t
e
x
c
e
e
d
1
/
7
o
f
4
8
-
h
o
u
r
T
L
m
.
D
u
r
a
t
i
o
n
n
o
t
e
x
c
e
e
d
i
n
g
2
4
h
o
u
r
s
:
1
m
g
/
ﬂ
.
C
o
n
c
e
n
t
r
a
t
i
o
n
a
t
a
n
y
t
i
m
e
o
r
p
l
a
c
e
s
h
o
u
l
d
n
o
t
e
x
c
e
e
d
l
/
7
o
f
4
8
-
h
o
u
r
T
L
m
.
  
T
o
t
a
l
a
m
m
o
n
i
a
s
h
o
u
l
d
n
o
t
e
x
c
e
e
d
0
.
5
0
m
g
/
E
<
0
.
0
1
m
g
/
t
0
.
5
m
g
/
2
0
.
0
1
m
g
/
z
0
.
5
m
g
/
R
0
.
5
0
m
g
/
£
<
0
.
0
1
m
g
/
z
0
.
5
m
g
/
2
01
m
g
/
2
5
0
.
O
.
m
g
/
Q
U
n
—
i
o
n
i
z
e
d
N
H
;
s
h
o
u
l
d
n
o
t
e
x
c
e
e
d
0
.
0
2
0
m
g
/
E
  
 PARA
METE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
AMMONIA (cont 'd)
Fish and Aquatic Life (cont'd)
US Wat
er Qua
lity
Criter
ia (U
m-ioni
zed)
Michigan St
ate Standar
d
Minnesota S
tate Standa
rd
0.0
2
mg/
Z
An ap
plica
tion
facto
r of
96—ho
ur TL
m.
0.2
mg/l
ARS
ENI
C
1
9
8
  
Raw
wate
r
Proposed Ag
reement Obj
ective
US Wat
er Qua
lity C
riteri
a
Des
ira
ble
:
Per
mis
sib
le:
Canadi
an Fed
eral G
uideli
nes
Objec
tive:
Acc
ept
abl
e:
Maxi
mum:
Michigan St
ate Standar
d
Minnesota S
tate Standa
rd
Ontari
o Prov
incial
Criter
ia
Desir
able:
Permissible:
Drin
king
wate
r
US Dri
nking
Water
Standa
rd
Ontario
Provinc
ial Dri
nking Wa
ter
Obje
ctiv
e
Permis
sible:
Canadi
an Dri
nking
Water
Object
ives
Obj
ect
ive
:
Acc
ept
abl
e:
Ma
xi
mu
m:
Michigan St
ate Standar
d
Wisconsin S
tate Standa
rd
Fish and Aq
uatic Life
Onta
rio
Prov
inci
al C
rite
ria
Dred
ging
EPA Dr
edging
Guidel
ines
 
Total
arseni
c in u
nfilte
red wa
ter sa
mple s
hould
not ex
ceed 0
.05 mg
/R
absent
0.05
mg/£
not de
tectab
le
0.0
1
mg/
l
0.0
5
mg/
R
0.0
5
mg/
l
0.0
1
mg/
i
absent
0.0
5
mg/
l
0.05
mg/l
0.05
mg/l
not de
tectab
le
0.01
mg/E
0.05
mg/E
0.05
mg/Q
0.1
mg/2
Envi
ronm
enta
l le
vel
unde
r an
y ci
rcum
stan
ces
shou
ld n
ot e
xcee
d 0.
01 m
g/%.
For c
ontin
uous
expos
ure
to ar
rive
at a
safe
conce
ntrat
ion
the a
pplic
ation
fact
or
is 1
/100
of
96-h
our
TLm.
test
s re
comm
ende
d
  
 PARAMETER
USE
AND
AGENCY
CRITERIA,
STANDARDS;
OBJECTIVES;
AND
GUIDELINES
B
A
C
T
E
R
I
A
Raw
water
Agreement
Objective
Geometric
mean
of
not
less
than
5
samples
taken
over
not
more
than
a
30—day
period
should
not
exceed
1,000/100
m2
total
coliform,
nor
200/100
mi
fecal
coliform.
C
a
n
a
d
i
a
n
F
e
d
e
r
a
l
G
u
i
d
e
l
i
n
e
s
Objective:
95%
of
the
samples
in
any
consecutive
30—day
period
should
have
a
total
c
o
l
i
f
o
r
m
density
of
<100/1OO
ml.
A
c
c
e
p
t
a
b
l
e
:
(90%
of
s
a
m
p
l
e
s
)
<
1
,
0
0
0
/
1
0
0
m
2
M
a
xi
m
um
:
(90%
of
s
a
m
p
l
e
s
)
<
5
,
0
0
0
/
1
0
0
m
£
M
i
c
h
i
g
a
n
S
t
a
t
e
S
t
a
n
d
a
r
d
Total
Coliform
10,000/100
m2
Fecal
C
o
l
i
f
o
r
m
2,000/100
m2
M
i
n
n
e
s
o
t
a
S
t
a
t
e
S
t
a
n
d
a
r
d
F
e
c
a
l
C
o
l
i
f
o
r
m
lO
M
P
N
/
l
O
O
m
2
O
n
t
a
r
i
o
P
r
o
v
i
n
c
i
a
l
C
r
i
t
e
r
i
a
Coliform
D
e
s
i
r
a
b
l
e
:
<
l
O
O
/
1
0
0
m
i
P
e
r
m
i
s
s
i
b
l
e
:
5
,
0
0
0
/
1
0
0
m
2
F
e
c
a
l
C
o
l
i
f
o
r
m
D
e
s
i
r
a
b
l
e
:
<
1
0
/
1
0
0
ml
P
e
r
m
i
s
s
i
b
l
e
:
5
0
0
/
1
0
0
m
2
F
e
c
a
l
S
t
r
e
p
t
o
c
o
c
c
i
D
e
s
i
r
a
b
l
e
:
<
1
/
1
0
0
m
2
P
e
r
m
i
s
s
i
b
l
e
:
5
0
/
1
0
0
m
2
T
o
t
a
l
B
a
c
t
e
r
i
a
D
e
s
i
r
a
b
l
e
:
<
1
,
0
0
0
/
1
0
0
m
l
P
e
r
m
i
s
s
i
b
l
e
:
1
0
0
,
0
0
0
/
1
0
0
m
ﬂ
Clostridia
D
e
s
i
r
a
b
l
e
:
0
/
1
0
0
m
2
P
e
r
m
i
s
s
i
b
l
e
:
5
0
/
1
0
0
m
l
D
r
i
n
k
i
n
g
wa
t
e
r
US
Drinking
Water
Standard
When
membrane
filter
technique
is
used:
(1)
Arithmetic
mean
of
all
samples
examined
not
exceed
1/100
m2~month.
(2)
When
<20
are
examined
per
month,
in
more
than
one
sample
not
exceed
4/100
m2.
(3)
When
20
or
more
are
examined
per
month,
in
more
than
5%
of
the
samples
not
exceed
4/100
m2.
When
the
fermentation
tube
method
and
10
ml
standard
portions
are
used,
coliform
bacteria
shall
not
be
present:
(1)
In
more
than
10%
of
the
portions
in
any
month.
(2)
When
<20
are
examined
per
month,
in
more
than
one
sample.
1
9
9
     
 new.
“grainy " m "r
PARAM
ETER
USE A
ND AG
ENCY
CRITE
RIA;
STAND
ARDS;
OBJEC
TIVES
; AND
GUIDE
LINES
BACTERIA (cont’d)
US Drinking Water Standard (cont‘d) (3) When 20 or more are examined per month, in more than 5% of the
samples.
When the fermentation tube method and 100 ml standard portions are used,
coliform bacteria shall not be present:
(1) In more than 60% of the portions in any month.
(2) When <5 are examined per month, in more than one sample.
(3) When five or more are examined per month, in more than 20% of the
samples.
Wisconsin State Standard
Same as U.S. Drinking Water Standard
Ontario Provincial Drinking Water
Objectives
When a minimum of two distribution system samples of 100 ml each are
examined each week by most probable numer (MPN) method or a membrane
filter (MF) method:
(1) Fecal Coliforms:
0/100 ml
Fecal Streptococcus:
0/100 ml
Pathogens (e.g. Pseudomonas aeruginosa): 0/100 ml
Total Coliforms:
5/100 ml
Excesses require immediate action including additional sampling
followed by chlorination to a total chlorine residual of 0.5 mg/l
or a free chlorine residue of 0.2 mg/l at end of distribution system
and possible issuance of boil—water order.
(2) Distribution system should be inspected if total coliforms in the
range of 1-4/100 ml are found in >52 of monthly samples, or if
aeromonas sp. or clostridia perfungeus are >0 in more than 10% of
monthly samples. Remedial action as in (1) may be required.
2
0
0
Recreation
Agreement Objective
substantially free
US Water Quality Criteria
In a 30—day period in <10% of the samples >400/100 ml
Canadian Federal Guidelines
Total Coliforms
Objective: <lOO MPN/lOO ml
Maximum Limit:
500 MPN/lOO ml
Fecal Coliforms
Objective:
<20 MPN/lOO ml
Maximum Limit:
200 MPN/lOO ml
Michigan State Standard
Fecal Coliforms
<200/100 ml for total body contact waters
<1000/lOO m
l for all o
ther waters
    
 PARAMETER
USE AND AGENCY
CRITERIA; STANDARDSa OBJECTIVES; AND GUIDELINES
BACTERIA
(cont'd)
Recreation
(cont'd)
Minnesota State Standard
Fecal Coliform
Wisconsin State Standard
Fecal Coliform
200 MPN/lOO ml
(200/100 m2. Not fewer than 5 samples collected per month.
Not to exceed 400/100 mQ in more than 10% of samples.
In a geometric mean consisting of at least 10 samples per month, including
weekend samples, bacteria concentrations must not exceed:
Ontario Provincial Criteria
2
0
1
Total Coliform: 1000/100 m1
Fecal Coliform:
100/100 ml
Enterococcus:
20/100 m2
BARIUM
Raw Water
,
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guideline
Objective:
-
Acceptable:
Maximum permissible:
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking water
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective:
Acceptable:
Maximum permissible:
Ontario Provincial Drinking Water
Objective
Permissible:
absent
1.0
mg/ﬂ
not detectable
<l.0 mg/Q
1.0 mg/£
1.0 mg/£
absent
1.0 mg/l
1.0 mg/R
not detectable
<1.0 mg/£
1.0 rug/9.
1.0 mg/l
BORON
 
Raw water
US Water Quality Criteria
Desirable:
Permissible:
 
0.750 mg/l
1.0 mg/£
   
    
PARAMETER
USE AND AGENCY
CRITERIA; STANDARDS; OBJECTIVES; AND GUIDELINES
J.
B
O
R
O
N
(cont’d)
 
Raw
water
(cont'd)
Canadian
Federal
Guidelines
Acceptable:
Maximum
Permissible:
Minnesota
State
Standard
Ontario
Provincial
Criteria
Desirable:
Permissible:
Drinking
water
Canadian
Drinking
Water
Objectives
Acceptable:
Maximum
Permissible:
<5.0
mg/£
5.0 ml]:
 
CADMIUM
2
0
2
 
 
Raw
water
US
Water
Quality
Criteria
Desirable:
Permissible:
Canadian
Federal
Guidelines
Objective:
Acceptable:
Maximum
Permissible:
Minnesota
State
Standard
Ontario
Provincial
Criteria
Desirable:
Permissible:
Drinking
hhter
US
Drinking
Water
Standards
Canadian
Drinking
Water
Objectives
Objective:
Acceptable:
Maximum
Permissible:
Wisconsin
State
Standard
Ontario
Provincial
Drinking
Water
Objective
Fish
and
Aquatic
Life
Proposed
Agreement
Objective
Canadian
Federal
Guidelines
 
0.01
mg/Q
0.01 mg/2
not
detectable
<0.0l mg/2
0.01 mg/l
0.01
mg/i
absent
0.01 mg/£
0.01
mg/R
not
detectable
<0.0l
mg/R
0.01 mg/2
0.01 mg/£
0.01
mg/£
Total
cadmium,
in
unfiltered
water
sample,
should
not
exceed
0.2
ug/l.
Incipient
LC50
values
for
rainbow
trout
TH
Cd
range
from
39
to
30,500
ug/l,
as
total
10
mg/2
1.95
ug/2
hardness
(TH)
ranges
from
10
to
1000
500
mg/1
550
ug[£
mg/l;
criteria
factor
is
0.5
of
incipient
1000
mg/£
1525
ug/l
LC 5 0 value
  
 PARAMETER
USE
AND
AGENCY
CRITERIA,
STANDARDS;
OBJECTIVES;
AND
GUIDELINES
CADMIUM
(Cont'd)
Fish
and
Aquatic
Life
(cont’d)
Ontario
Provincial
Criteria
not
to
exceed
1/500
of
96—hour
TL
.
Dredging
m
EPA
Dredging
Guidelines
tests
recommended
CALCIUM
Raw
Water
Canadian
Federal
Guidelines
Objective:
<75
mg/£
Acceptable:
200
mg/i
Drinking
Water
Canadian
Drinking
Water
Objectives
Objective:
<75
mg/£
Acceptable:
200
mg/l
CARBON
DIOXIDE
Fish
and
Aquatic
Life
US
Water
Quality
Criteria
absent
2
0
3
CARBON
CHLOROFORM
EXTRACT
Raw
Water
US
Water
Quality
Criteria
Desirable:
0.04
mg/K
Permissible:
0.15
mg/l
Minnesota
State
Standard
0.2
mg/Q
Ontario
Provincial
Criteria
Desirable:
<0.04
mg/K
Permissible:
0.15
mg/l
Drinking
water
US
Drinking
Water
Standard
0.
Wisconsin
State
Standard
0-
Ontario
Provincial
Drinking
Water
Objectives
0.2
mg/R
2 mg/£
7 mg/l
CHEMICAL
OXYGEN
DEMAND
Dredging
EPA
Dredging
Guidelines
50,000
mg/kg
Ontario
Provincial
Marine
Construction
Guidelines
50,000
mg/kg
(dry
weight
basis)
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PARAMETER
USE AND AGENCY
CRITERIA; STANDARDS, OBJECTIVES;
AND
GUIDELINES
CHLO
RDAN
E
2
0
4
Ram
Wate
r
US Water Quality Criteria
Desirable:
Permissible:
Canadian Fe
deral Guide
lines
Objective and Acceptable:
Maximum permissible:
Michigan State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinki
ng wa
ter
Canadian Drinking Wate
r Objectives
Objective and Acceptable:
Maximum permissible:
Wisconsin State Standard
Fish and Aquatic Life
Proposed Ag
reement Obj
ective
Ontario Pro
vincial Cri
teria
absent
0.003 mg/i
not de
tectab
le
0.003
mg/i
0.003
mg/i
absent
0.003 mg/K
not detectable
0.003
mg/R
0.003
mg/R
0.060
ug/2
not to exceed 1/10 to
1/100 of 48—hour TLm
CHLORIDE
  
Raw Water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Fe
deral Guide
lines
Objec
tive:
Acceptable:
Michigan State Standard
Minnesota S
tate Standa
rd
Ontario Provincial Criteria
Desirable:
Permissible:
Drinki
ng wa
ter
US Drinking
Water Stand
ard
Canadian Drinking Wat
er Objectives
Objec
tive:
Acceptable:
Wisconsin S
tate Standa
rd
Ontario Pro
vincial Dri
nking Water
Objectives
 
<25
mg/Z
250
mg/l
<250
mg/£
250
mg/2
<50 mg/l (m
onthly aver
age) for Gr
eat Lakes w
aters
<125 mg/Z (
monthly ave
rage) for a
ll other wa
ters
50
mg
/ﬁ
<25
mg/R
250
mg/2
250 mg/£
<250
mg/t
25
0
mg
/K
250
mg/2
250
mg/l
 
 2
0
5
PARA
METE
R USE
AND
AGE
NCY C
RI
TE
RI
A;
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
CHLO
RINE
Drinking Water
US Drinking Water Standard
Fish and Aquatic Life
Proposed Agreement Objective:
Michigan State Standard
no less tha
n 0.2 mg/l
0.002
mg/R
Sens
itiv
e F
ish:
Warm Water
Fish: an ap
plication f
actor of 96
—hour TL$.
CHL
ORO
PHE
NOX
Y G
ROU
P (
(2,
4—
DIC
HLO
ROP
HEN
OXY
)AC
ETI
C
ACID)
Drinking Water
US Drinking Water Standard
Wisconsin State Standard
Fish and Aquatic Life
US Water Quality Criteria
mg/l
mg/l for (2
,4—dichloro
phenoxy)ace
tic acid
mg/R for (2
,4,S—trichl
orophenoxy)
acetic avid
mg/Q
 
CH
RO
MI
UM
 
Raw water
Proposed Agreement Objective
US Water Quality Criteria
Canadian Federal Guidelines
Objective:
Acceptable:
Maximum permissible:
Michigan State Standard
Minnesota State Standard
Ontario Provincial Criteria
Desir
able:
Permissible:
Drinki
ng Wat
er
US Drinking Water Standard
Canadian Drinking Wate
r Objectives
Objec
tive:
Acceptable:
Maximum permissible:
Michigan State Standard
Minnesota S
tate Standa
rd
Wisconsin S
tate Standa
rd
Ontario
?rovinc
ial Dri
nking Wa
ter
Obje
ctiv
e
 
Total chrom
ium in unfi
ltered wate
r sample no
t to exceed
0.05 mg/f
0.05
mg
/E
not de
tectab
le
<0.05
0.05
0.
02
0.05
absent
0.05
0.05
mg/l
mg
/Q
mg/Q
mg/R
mg/£
mg/Q
not detectable
<0.05
0.05
0.05
0.05
0.05
0.05
mg
/Q
mg
/£
mg/l
mg/K
mg/Q
mg/Q
an application factor of 96—hour TL .
  
  
,
1
”
,
PARAMETER
USE
AND
AGE
NCY
CR
IT
ER
IA
;
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
CHROMIUM (cont’d)
Fish
and
Aqu
ati
c L
ife
US W
ater
Qual
ity
Crit
eria
Minn
esot
a St
ate
Stan
dard
Onta
rio
Prov
inci
al S
tand
ard
Dred
ging
EPA
Dred
ging
Guid
elin
es
Coa
l—c
oki
ng
was
tes
:
fre
shw
ate
r f
ish
Coa
l—t
ar
was
tes
:
fre
shw
ate
r f
ish
0.0
2
mg
/l
not
exc
eed
1/1
00
of
96—
hou
r T
Lm
0.0
2 t
o 0
.1
mg/
Z
0.02
to 0
.1 m
g/E
Tes
ts
rec
omm
end
ed
COLOUR
VALUE
2
0
6
  
Raw
Wate
r
US W
ater
Qual
ity
Crit
eria
Des
ira
ble
:
Per
mis
sib
le:
Minn
esot
a St
ate
Stan
dard
Wisc
onsi
n St
ate
Stan
dard
Drin
king
wate
r
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Cana
dian
Drin
king
Wate
r O
bjec
tive
s
Objec
tive:
Ac
ce
pt
ab
le
:
Mic
hig
an
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Dri
nki
ng
Wat
er
Objec
tives
Recre
ation
Cana
dian
Fede
ral
Guid
elin
es
Ob
je
ct
iv
e:
Max
imu
m L
imit
:
Fis
h a
nd
Aqu
ati
c
Lif
e
US
Wat
er
Qua
lit
y C
rit
eri
a
Minn
esot
a St
ate
Stan
dard
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
(Pl
ati
num
cob
alt
sta
nda
rd)
Des
ira
ble
:
Per
mis
sib
le:
 
10 u
nits
75
un
it
s
15 u
nits
Col
or
to
int
erf
ere
wit
h p
ubl
ic
rig
hts
:
not
pre
sen
t
15 u
nits
<5
TC
U
un
it
s
15
TC
U
un
it
s
75
un
it
s
5
un
it
s
<l5
un
it
s
100
un
it
s
10%
lig
ht
tr
an
sm
is
si
on
30
un
it
s
<5
un
it
s
75
un
it
s
 
 2
0
7
PARA
METE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
,
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
COP
PER
Ra
w
Wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
De
si
ra
bl
e:
Per
mis
sib
le:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Min
nes
ota
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Ob
je
ct
iv
e:
Acc
ept
abl
e:
Wis
con
sin
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Dri
nki
ng
Wat
er
Obje
ctiv
e
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Min
nes
ota
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
.0
mg
/Q
0 m
g/R
<0.
01
mg/
K
1.
0
mg
/Z
1.0
mg
/l
vir
tua
lly
abs
ent
1.0
mg
/l
<0.
01
mg/
Q
1.0
mg
/Q
1.0
mg
/K
1.
0
mg
/2
Tot
al
cop
per
in
unf
ilt
ere
d w
ate
r
sam
ple
not
to
exc
eed
0.0
05
mg/
Q.
Inc
ipi
ent
LC5
0 v
alu
es
for
rai
nbo
w t
rou
t
TH
Cu
ran
ge
fr
om
30
to
123
0
ug/
Q,
as
To
ta
l
10—
60
mg/
Q
3.9
—16
.5
pg/
Q
Ha
rd
ne
ss
ran
ges
fro
m
10
to
100
0
mg/
Q;
60—
120
mg/
Q
16
.5
—1
7.
8
ug/
R
cri
ter
ia
fac
tor
s
are
0.1
3
(TH
<6O
mg/
Q),
120
—10
00
mg/
Q
17.
8—3
6.9
Dg/
Q
0.0
8 (
TH
= 6
1—1
20
mg/
Q),
and
0.0
3
(TH
>12
0 m
g/l
)
of
LC5
0 v
alu
e
0.0
1
mg/
l o
r n
ot
gre
ate
r
tha
n 0
.1
of
96-
hou
r
TL
Max
imu
m c
onc
ent
rat
ion
at
any
tim
e o
r p
lac
e
<1/
1?
of
96—
hou
r
TL
.
For
con
tin
uou
s
exp
osu
re
— m
axi
mum
3—7
%
of
96-
hou
r
TLm
.
m
 
CYAN
IDE
 
Ra
w
Wa
te
r
US W
ater
Qual
ity
Crit
eria
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Can
adi
an
Fed
era
l G
uid
eli
nes
Obje
ctiv
e
Acc
ept
abl
e:
Max
imu
m
per
mis
sib
le:
 
absent
0.
2
mg
/Q
no
t
de
te
ct
ab
le
0.
01
mg
/Q
0.2
0
mg
/Q
 
  
USE
AND
AGENCY
CRXTERIA; STANDARDS, OBJECTIVES; AND GUIDELINES
Raw water {cont’d)
Michigan State Standard
Desirable:
Permissible:
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking water
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective:
Acceptable:
Maximum permissible:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
Fish and Aquatic Life
Proposed Agreement objective
absent
0.2 mg/Q
0.01
mg/Q
absent
0.2 mg/£
0.2 mg/R
not detectable
0.01 mg/IL
0.20
mg/l
0.2 mg/Q
0.01 mg/l
Free cyanide in unfiltered water sample should not exceed 0.005 mg/E.
   
Raw Water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective and Acceptable:
Maximum permissible:
Michigan State Standard
Ontario Provincial Guideline
Desirable:
Permissible:
Drinking Water
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective and acceptable:
Maximum permissible:
Wisconsin State Standard
Fish and Aquatic Life
Ontario Provincial Criteria
 
absent
0.001
mg/£
not detectable
0.042
mg/Q
0.042
mg/Q
absent
0.042
mg/l
recommended 0.05 mg/K
not de
tectab
le
0.042
mg/l
0.05
mg/£
not to exceed 1/10 to
1/100 of 48—hour TLm
  
 2
0
9
PARAMETER
USE
AND
AGE
NCY C
RIT
ERI
A;
STA
NDA
RDS
;
OBJ
ECT
IVE
S,
AND
GUI
DEL
INE
S
DDT PLUS METABOLITES Fish and Aquatic Life
Proposed Agreement Objective
0.003
ug/2
DIAZINON
Fish and Aquatic Life
Proposed Agreement Objective
In unfiltered water s
ample should not exce
ed 0.08 ug/Q
DIELDRIN
(See also Aldrin)
Raw Water
US Water Quality Criteria
Canadian Federal Guidelines
Objective and Acceptable:
Maximum permissible:
Michigan State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking Water
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective and Acceptable:
Maximum permissible:
Wisconsin State Standard
Fish and Aquatic Life
Ontario Provincial Criteria
0.01 mg/K
not detectable
0.017 mg/Q
0.017 mg/K
absent
0.017 mg/K
absent
recommended <0.003 mg/Q
0
not detectable
0.017 mg/R
0.001 mg/R
not to exceed 1/10 to 1/100 of 48-hour TLm
DISSOLVED MATERIAL;
Fish and Aquatic Life
US Water Quality Criteria
should not exceed 1500 mg/Q
DISSOLVED OXYGEN
Raw Water
Agreement Objective
US Water Quality Criteria
Desirable:
Permissible:
Upper waters of lakes not less than 6.0 mg/Q.
near saturation
monthly mean 24.0 mg/Q
individual sample 23.0 mg/R
6.0 mg/ﬁ, minimum in Great Lakes, connecting channels, and trout waters
5.0 mg/l, daily average for all other waters except inland lakes
4.0 mg/R, absolute minimum for all other waters except inland lakes
5.0-6.(Lm2/2 for inland lake:
Michigan State Standard
      
  
2
1
0
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PARAMETER
USE AND AGENCY
CRITERIA; STANDARDS; OBJECTIVES, AND GUIDELINES
DISSOLVED OXYGEN
(cant'd)
Raw water
(cont'd)
Ontario Provincial Criteria
Desirable:
Permissible:
Fish and Aquatic Life
Agreement Objective
Proposed Agreement Objective
Michigan State Standard
Minnesota State Standard
Wisconsin State Standard
Ontario Provincial Criteria
near saturation
monthly mean 24.0 mg/ﬂ
Individual sample 23.0 mg/£
Hypolimnetic waters not less than necessary to support fishlife.
(1) Should be not less than (mg/2) = 1.41M — 0.0476 M2 — 1.11, where
M = natural minimum and assumed to be saturation unless scientific
data show that natural levels were less than saturation in the
absence of man—made effects.
(2) Should not be less than 6 mg/Q.
6.0 mg/Z
From October lst through May 31st not less than 7.0 mg/l.
Other times not less than 6.0 mg/l.
5.0 mg/l except trout (6.0 mg/ﬁ), and 7.0 mg/1 in spawning season.
Warm water biota — at all times should be above 5.0 mg/l.
Cold water biota - spawning areas not less than 7.0 mg/l.
Cold water biota — other areas not less than 6.0 mg/Q.
In certain situations, when other water quality conditions are favorable,
concentrations may range for:
Warm water biota — between 4.0-5.0 mg/l
Cold water biota — between 5.0—6.0 mg/Q
DISSOLVED SOLIDS
(See Also "Total Dissolved
Solids")
Raw water
Michigan State Standard (all waters)
Wisconsin State Standard
Monthly average - not to exceed 500 mg/2.
At any time — not to exceed 750 mg/2.
Monthly average — not to exceed 500 mg/2.
At any time - not to exceed 750 mg/2.
ENDOSULFAN
Fish and Aquatic Life
US Water Quality Criteria
Ontario Provincial Criteria
 
0.003
ug/l
not to exceed 1/10 to 1/100 of 48—hour TLm
     
 P
A
R
A
M
E
T
E
R
USE
AND
AGENCY
CRITERIA;
STANDARDS;
OBJECTIVES;
AND
GUIDELINES
ENDRIN
2
1
1
Ram
Water
US
Water
Quality
Criteria
Desirable:
Permissible:
Canadian
Federal
Guidelines
Objective
and
Acceptable:
Maximum
and
permissible:
Ontario
Provincial
Criteria
Desirable:
Permissible:
Drinking
water
US
Drinking
Water
Standard
Canadian
Drinking
Water
Objectives
Objective
and
Acceptable:
Maximum
permissible:
Wisconsin
State
Standard
Fish
and
Aquatic
Life
Proposed
Agreement
Objective
Michigan
State
Standard
Ontario
Provincial
Criteria
absent
0.2
Ug/Q
not
detectable
0.001
mg/Q
absent
0.001
mg/Q
0.0002
mg/2
not
detectable
0.001
mg/i
0.0005
mg/£
0.002
ug/2
an
application
factor
of
96-hour
TLm.
not
to
exceed
1/10
to
1/100
of
48—hour
TLm.
FLOATING
MATERIALS
Raw
Water
Michigan
State
Standard
(all
waters)
Wisconsin
State
Standard
Fish
and
Aquatic
Life
absent
Floating
or
submerged
debris,
oil,
scum,
or
other
material
shall
be
absent.
Agreement
Objective
US
Water
Quality
Criteria
Waters
should
be
free
from
unsightly
or
deleterious
amounts.
All
floating
materials
of
foreign
origin
should
be
excluded.
FLUORIDE
Raw
Water
Proposed
Agreement
Objective
US
Water
Quality
Criteria
Canadian
Federal
Guidelines
Objective:
1.
Acceptable:
1.210.
1
.
1
.
Total
fluoride
in
unfiltered
water
sample
should
not
exceed
l.2
mg/Q.
Recommends
no
desirable
concentrations.
mg/2
mg/Z
mg/K
mg/Q
Maximum
permissible:
Minnesota
State
Standard
N
r
-
{
L
ﬁ
l
n
        
 PARA
METE
R
US
E
AN
D
AG
EN
CY
CRI
TER
IA
STA
NDA
RD
OBJ
ECT
IVE
AND
GUI
DEL
INE
S
FLUO
RIDE
(con
t’d)
2
1
2
  
Raw water (cont’d)
Onta
rio
Pro
vin
cia
l C
rite
ria
Dr
in
ki
ng
Wa
te
r
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Can
adi
an
Dri
nki
ng
Wat
er
Obj
ect
ive
s
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Max
imu
m
per
mis
sib
le:
Mich
igan
Stat
e St
anda
rd
Onta
rio
Prov
inci
al D
rink
ing
Wate
r
Objec
tives
Wher
e f
luor
ide
is
natu
rall
y p
rese
nt:
Ave
rag
e c
onc
en
tra
t io
n:
Per
mis
sib
le:
Whe
re
flu
ori
de
is
add
ed:
Recomm
ended:
Perm
issi
ble
rang
e:
 
12
.0
12.1
14.7
17.7
21.5
26.3
2 m
g/l
2 1
0.2
mg/
l
1.
5
mg
/£
Tem
per
atu
re
in
°C:
12.0
and
bel
ow
12
.1
14.7
17
.7
21.5
26.3
mg
/Z
mg/Z
mg/l
to
1.
2
mg
/Q
Tem
per
atu
re
in
°C:
an
d
be
lo
w
to
t
o
to
to
to
t0
to
to
to
to
Annua
l av
erage
of ma
ximum
daily
air
tempe
ratur
e:
10.0—
12.05
°C r
ecomm
ended
1.7 m
g/l
12.1-
14.6°
C re
comme
nded
1.5 m
g/i
14.7
-17.
7°C
reco
mmen
ded
1.3
mg/i
mg
/R
mg/Q
mg
/l
mg/Q
mg
/£
mg
/l
   
  
PARAMETER
USE AND AGENCY
CRITERIA, STANDARDS; OBJECTIVES; AND GUIDELINES
GUTHIO
Fish and Aquatic Life
Proposed Agreement Objective
In unfiltered water sample should not exceed 0.005 ug/Q.
HEPTACHLOH
Raw water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective
and
Acceptable:
Maximum
permissible:
Michigan State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking Water
US Drinking Water
Standard
Canadian Drinking Water Objectives
Objective
and
Acceptable:
Maximum
permissible:
Wisconsin
State
Standard
Fish and Aquatic Life
Ontario Provincial
Criteria
absent
absent
not detectable
0.018 mg/l
0.018 mg/£
absent
0.018 mg/l
The persistence, bioaccumulation potential, and carcinogenicity cautions
human exposure
to a minimum.
not
detectable
0.018 mg/l
0.001 mg/£
not
to exceed
1/10
to
1/100
of 48—hour
TLm
HEPTMCHLOR PLUS
HEPTACHLOH EPOXIDE
Fish and Aquatic
Life
Proposed
Agreement
Objective
0.001
ug/£
HEPTACHLOR
EPOXIDE
  
Raw
water
US
Water
Quality
Criteria
Desirable:
Permissible:
Canadian
Federal
Guidelines
Objective
and
Acceptable:
Maximum
permissible:
Ontario
Provincial
Criteria
Desirable:
Permissible:
 
absent
0.018 mg/l
not
detectable
0.018 mg/R
absent
0.018 mg/£
‘-aataziciagceci:*t sit;ia_ ; <-n Muss. ..
‘
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1
4
 
PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CRITERIA, STANDARD
S, OBJECTIVES,
AND GUIDELINES
HE
PT
AC
HL
OR
EP
OX
ID
E
(ca
nt’
d)
Drin
king
wate
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Ob
je
ct
iv
e
an
d
Ac
ce
pt
ab
le
:
Max
imu
m
per
mis
sib
le:
Wiscon
sin St
ate St
andard
0.0
001
mg/
l
not
de
te
ct
ab
le
0.
01
8
mg
/l
0.000
1 mgj
i
 
HER
BIC
IDE
S
Ra
w
wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
De
si
ra
bl
e:
Permis
sible:
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e
an
d
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
pe
rm
is
si
bl
e:
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Per
mis
sib
le:
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
ab
se
nt
0.
1
mg
/Q
not
de
te
ct
ab
le
0.
10
0
mg
/l
abs
ent
0.
1
mg
/E
not
to
ex
ce
ed
1/1
0
to
1/
10
0
of
48
—ho
ur
TL
m
HY
DR
OG
EN
SU
LF
IU
E
 
Ra
w
Wa
te
r
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
(G
ro
un
d
Wat
er
Sup
ply
)
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Fis
h a
nd
Aqu
ati
c
Lif
e
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
Mi
ch
ig
an
St
at
e
St
an
da
rd
Dr
ed
gi
ng
EP
A
Dr
ed
gi
ng
Gu
id
el
in
es
 
not
dete
ctab
le
0.
3
mg
/R
abs
ent
0.
1
mg
/l
not
dete
ctab
le
0.
3
mg
/K
und
iss
oci
ate
d
H28
sho
uld
not
exc
eed
0.0
02
mg/
l
an application factor
of 96—hour TL .
m
tes
ts
rec
omm
end
ed
   
 PARAMETER
USE
AND
AGE
NCY C
RIT
ERI
A;
STA
NDA
RDS
,
OBJ
ECT
IVE
S;
AND
GUI
DEL
INE
S
IMMEDIATE OXYGEN DEMAND Dredging
EPA Dredgin
g Guideline
s
tests r
ecommend
ed
2
1
5
IRON Raw water
Agreement Objective
US Water Quality Crit
eria (filterable)
Desirable:
Permissible:
Canadian Federal Guidelines (dissolved
Objective:
Acceptable:
Michigan State Standard (filterable)
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinki
ng wa
ter
US Drinking Water Standard
Canadian Drinking Wate
r Objectives
(dissolved)
Objective:
Accep
table
:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
Fish and Aquatic Life
Proposed Agreement Objective
Dredging
EPA Dredging Guidelines
not
to ex
ceed
0.3 m
g/R
virtually absent
0.3
mg/l
<0.05
mg/R
0.3
mg/l
0.3 mg/Q
0.3
mg/l
virtuall
y absen
t
0.3
mg/l
0.3 mg/Q
<0 05
mg/l
0.3
mg/2
0.3
mg/2
0.3 mg/Z
Total iron in unfilter
ed water sample not t
o exceed 0.3 mg/ﬁ.
tests recommended
LEAD
 
Raw Water
US Water Quality Criteria
Desirable:
Permissible:
 
absent
0.05 mg/Q
  
  
 _» w.
..s
v..
,.w
.m.
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PA
RA
ME
TE
R
US
E
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
LEAD
(cont'
d)
Raw
Wate
r (c
ont’
d)
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Maxi
mum:
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Ma
xi
mu
m
pe
rm
is
si
bl
e:
Wi
sc
on
si
n
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Dred
ging
EP
A
Dr
ed
gi
ng
Gu
id
el
in
es
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
no
t
de
te
ct
ab
le
<0
.0
5
mg
/l
0.
05
mg
/2
0
.
0
5
m
g
/
l
absent
0.
05
mg
/l
0.
05
mg
/z
no
t
de
te
ct
ab
le
<0
.0
5
mg
/l
0.
05
mg
/2
0.
05
mg
/2
0.
05
mg
/l
50
mg
/k
g
To
ta
l
le
ad
in
un
fi
lt
er
ed
wa
te
r
sa
mp
le
sh
ou
ld
no
t
ex
ce
ed
10
ug
/l
in
La
ke
Su
pe
ri
or
,
20
ug
/l
in
La
ke
Hu
ro
n,
an
d
25
ug
/l
in
al
l
re
ma
in
in
g
Gr
ea
t
La
ke
s.
In
ci
pi
en
t
LC
so
va
lu
es
fo
r
ra
in
bo
w
tr
ou
t
ra
ng
e
fr
om
77
0
to
13
00
pg
/R
,
as
to
ta
l
ha
rd
ne
ss
(TH
)
ra
ng
es
fr
om
10
to
60
mg
/l
;
cr
it
er
ia
fa
ct
or
is
0.
10
of
LC
5 0
va
lu
e .
TH
Pb
10
—5
0
mg
/K
77
-1
30
ug
/l
At
an
y
ti
me
no
t
to
ex
ce
ed
1/
20
of
96
—h
ou
r
TL
d
24
—h
ou
r
av
er
ag
e,
af
te
r
mi
xi
ng
no
t
to
ex
ce
e
T/
lO
O
of
96
—h
ou
r
TL
m
LIN
DAN
E
  
Ra
w
Wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
5 D
rin
kin
g
Wat
er
Sta
nda
rd
Wi
sc
on
si
n
St
at
e
St
an
da
rd
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
Pr
op
os
ed
Ag
re
em
en
t
Ob
je
ct
iv
e
 
abs
ent
0.
1
mg
/l
0.
00
4
mg
/z
0.
00
5
mg
/2
0.
01
0
ug
/l
 
 PARAME
TER
USE AN
D AGEN
CY
CRITER
IA; ST
ANDARD
S, OBJ
ECTIVE
S, AND
GUIDEL
INES
LINEAR ALKYLATE SULFONATE Fish and Aquatic Life
(LAS)
US Water Quality Criteria not to exceed 0.2 mg/R or 1/7 of the 48—hour TL
m
Ontario Provincial Criteria not to exceed 1/7 of the 48—hour TLm
MAGNESIUM
Raw Water
Canadian Federal Guidelines
Objective:
<50 mg/Q
Acceptable:
150 mg/l
Drinking Water
Canadian Drinking Water Objectives
Objective:
<50 mg/Q
Acceptable:
150 mg/£
MANGANESE
Raw Water
US Water Quality Criteria
Desirable:
absent
Permissible: (total)
0.05 mg/l
Canadian Federal Guidelines
Objective:
<0.01 mg/R
Acceptable:
0.05 mg/£
Minnesota State Standard
0.05 mg/£
Ontario Provincial Criteria (filterable)
Desirable:
absent
Permissible:
0.05 mg/i
Drinking water
US Drinking Water Standard
0.05 mg/i
Canadian Drinking Water Objectives
Objective:
<0.0l mg/2
Acceptable:
0.05 mg/£
Wisconsin State Standard
0.05 mg/l
Ontario Provincial Drinking Water
Objectives
0.05 mg/£
2
1
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PARAMETER
USE
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D
GU
ID
EL
IN
ES
MER
CUR
Y
Dr
in
ki
ng
Wa
te
r
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Wisc
onsi
n St
ate
Stan
dard
Fis
h an
d Aq
uat
ic
Life
Agr
eem
ent
Obj
ect
ive
Pro
pos
ed
Agr
eem
ent
Obj
ect
ive
Onta
rio
Pro
vin
cia
l C
rite
ria
Dredging
EPA
Dre
dgi
ng
Gui
del
ine
s
Ont
ari
o P
rov
inc
ial
Mar
ine
Con
str
uct
ion
Guide
lines
0.0
02
mg/
£
0.0
02
mg/
z
Dis
cha
rge
s a
ttr
ibu
tab
le
to
hum
an
act
ivi
ty
sho
uld
be
fre
e o
f
con
cen
tra
tio
ns
tha
t a
re
tox
ic
or
har
mfu
l t
o l
ife
.
Tot
al
mer
cur
y i
n f
ilt
ere
d w
ate
r s
amp
le
sho
uld
not
exc
eed
0.2
ug/
Q.
sho
uld
be
avo
ide
d
1.0
mg/k
g
0.3 mg
/kg (
dry we
ight b
asis)
METHOX
YCHLOR
Ra
w
wa
te
r
US
Wat
er
Qua
lit
y C
rit
eri
a
Des
ira
ble
:
Permis
sible:
Cana
dian
Fede
ral
Guid
elin
es
Obj
ect
ive
and
Acc
ept
abl
e:
Max
imu
m
per
mis
sib
le:
Onta
rio
Pro
vin
cia
l C
rite
ria
Des
ira
ble
:
Per
mis
sib
le:
Drin
king
wate
r
US D
rink
ing
Wate
r St
anda
rd
Cana
dian
Drin
king
Wate
r Ob
ject
ives
Obj
ect
ive
and
Acc
ept
abl
e:
Max
imu
m p
erm
iss
ibl
e:
Wiscon
sin St
ate St
andard
Fish
and
Aqu
ati
c L
ife
Prop
osed
Agr
eem
ent
Obje
ctiv
e
Onta
rio
Prov
inci
al C
rite
ria
abs
ent
0.
l
mg
/R
no
t
de
te
ct
ab
le
0.
03
5
mg
/l
absent
0.0
35
mg/
£
0.
1
mg
/l
not
det
ect
abl
e
0.0
35
mg/
l
0.1
mg/l
0.0
40
ug/
z
Not
to
exc
eed
1/1
0 t
o 1
/10
0 o
f 4
8—h
our
TLm
 
METHY
LENE
BLUE
ACTIV
E
SUBSTANCES (MBAS)
 
Ra
w
wa
te
r
US
Wat
er
Qua
lit
y C
rit
eri
a
Des
ira
ble
:
Per
mis
sib
le:
Can
adi
an F
eder
al
Guid
elin
es
Objec
tive:
Acc
ept
abl
e:
 
vir
tua
lly
abs
ent
0.
5
mg
/l
<0.
2
mg
/l
0.
5
mg
/i
 
 PARAMETER
USE AND AGENCY
CRITERIA; STANDARDS, OBJECTIVES; AND GUIDELINES
METHYLENE BLUE ACTIVE
SUBSTANCES
(cont’d)
Minnesota State Standard
0.5 mg/l
Ontario Provincial Criteria
Desirable::
virtually absent
Permissible:
0.5 mg/E
Drinking water
Canadian Drinking Water Objectives
Objective:
<0.2 mg/l
Acceptable:
0.5 mg/£
Wisconsin State Standard
0.5 mg/£
NICKEL
Dredging
EPA Dredging Guidelines
tests recommended
Fish and Aquatic Life
Proposed Agreement Objective
Total nickel in unfiltered water sample should not exceed 0.025 mg/£.
Ontario Provincial Criteria
Not to exceed 1/50 of 96—hour TLm
2
1
9
NITRATE
Raw water
US Water Quality Criteria (plus nitrite)
Desirable:
virtually absent
Permissible:
10 mg/l
Canadian
Federal
Guideline
(as
N)
Objective:
<10 mg/2
Acceptable:
<10 mg/Q
Permissible:
10 mg/l
Michigan
State
Standard
10
mg/l
Minnesota
State
Standard
45
mg/l
Ontario
Provincial
Criteria
(plus
nitrite)
Desirable:
virtually
absent
Permissible:
10
mg/2
Drinking
water
US
Drinking
Water
Standard
10
mgl£
Canadian
Drinking
Water
Objectives
(as
N)
Objective
and
Acceptable:
<10
mg/R
Permissible:
10
mg/£
Wisconsin
State
Standard
10
mg/2
Ontario
Provincial
Drinking
Water
Objectives
10
mg/l
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PARAMETER
USE AND AGENCY
CRITER
IA, ST
ANDARD
S, OBJ
ECTIVE
S, AND GUIDELINES
ODOUR (See also Phenols
and Threshold Odour)
Raw water
Agreement Objective
US Water Quality Criteria
Desirablez:
Permissible:
Michigan State Standard
Minnesota State Standard
Wisconsin State Standard
Drinki
ng wat
er
Canadian Federal Standards and Drinking
Water Objectives
Objective:
Acceptable:
Maximum permissible:(any single sample)
Wisconsin State Standard
Phenols and other taste and odour substances
absent.
virtually absent
recommends no desirable concentrations
should be substantially
Materials producing odour shall not be present.
Threshold Number = 3
Materials producing odour shallnot be present.
0 T.0.
N. uni
ts
2/3 of samples in a 30 day period <4 T.0.N. units
8 T.0.N. units
Threshold Number = 3
 
OIL, GREASES, AND/OR
PETROCHEMICALS
 
Raw
water
US Water Qualtiy Criteria
Michigan State Standard (all waters)
Minnesota State Standard
Wisconsin S
tate Standa
rd
Ontario Provincial Criteria
Desirable:
Permissible:
Fish and Aquatic Life
Agreement Objective
Proposed Agreement Objective
Minnesota State Standard
 
virtuall
y absen
t
absent
absent
Floating or submerged debris, oil, scum, or other material shall be
virtually absent
absent
Free from floating de
bris, oil, and scum a
ttributable to discha
rges
resulting from human
activity in unsightly
or deleterious amounts
.
Oils or petrochemical
s should not be presen
t
(2) Can be detected by odour.
in concentrations that:
(1) Can be detected
as a visible surface
film, sheen, or disco
louration.
(3) Can form shorelin
e deposits or bottom
sediments that are
detectable or deleterious.
(A) Can cause taintin
g of edible aquatic o
rganisms.
(5) Can cause concen
trations in water >0.
09 of 96—hour LCso fo
r any
sensitive l
ocal organi
sm.
0.5
mg/R
absent.
   
 PARAMETER
USE AND AGENCY
CRITER
IA, ST
ANDARD
S; OBJ
ECTIVE
S, AND
GUIDEL
INES
OIL,
GREASES,
AND/0R
PETROCHEMICALS
(cont’d)
Dredging
EPA Dredging Guidelines
1500 mg/kg
ORGANIC CONTAMINANTS,
PERSISTENT
 
Fish and Aquatic Life
Agreement Objective
Proposed Agreement Objectives
Substances should be substantially absent.
See specific compounds.
  
  
  
  
  
  
  
  
 
ORGANICS CCE+CAE
2
2
1
Raw
Water
Canadian Federal Guidelines
Objective:
Acceptable:
Drinking Water
Canadian Federal Standards
Objective:
Acceptable:
Wisconsin State Standard
<0.05 mg/i
0.2 mg/R
(0.05 mg/2
0.2 mg/£
0.7 mg/K for CCE
3.0 mg/Q for CAE
                         
ORGANIC PHOSPHATE PLUS
CARBAMATES
Raw
Water
Canadian Federal Guidelines
Objective and Acceptable:
Maximum
permissible:
US Water Quality Criteria
Desirable:
Permissible:
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking Water
Canadian Drinking Water Objectives
Objective
and
Acceptable:
Maximum permissible:
Wisconsin State Standard
not detectable
0.100 mg/K
absent
0.1 mg/z
absent
0.1 mg/R
not detectable
0.100 mg/K
Concentration to produce no greater effect than 0.1 mg/Q parathion.
PARATHION
    
  
Drinking
Water
Michigan State Standard
 
0.1 mg/K
«
A..—..<.__-,. .l "in; it v..iv_«...._.,_.. ‘
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2
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PARAMETER
USE AND AGENCY
CRITERIA,
STANDARDS,
OBJECTIVES,
AND
G
U
I
D
E
L
I
N
E
S
PERTHANE
Fish
and
Aquatic
Life
Ontario
Provincial
Criteria
not
to
exceed
1/10
to
1/100
of
48—hour
TLm
PESTICIDES,
NONPERSISTENT
Raw
water
Proposed
Agreement
Objective
Unspecified
concentrations
should
not
exceed
0.05
of
the
median
lethal
concentration
in
a
96-hour
test
for
any
sensitive
local
species.
PHENOLS
AND
TASTE AND
ODOUR
PRODUCING SUBSTANCES
(See
also
Odour
and
Treshold
Odour)
Haw
Water
Agreement
Objective
Proposed
Agreement
Objective
US
Water
Quality
Criteria
Desirable:
Permissible:
Canadian
Federal
Guidelines
Objective:
Acceptable:
Michigan
State
Standard
Minnesota
State
Standard
Ontario
Provincial
Criteria
Desirable:
Permissible:
Drinking Water
Canadian
Drinking Water
Objectives
Objective:
Acceptable:
Ontario
Provincial
Drinking
Water
Objectives
should
be
substantially
absent.
0.001
mg/i.
Also,
waters
should
be
substantially
free
from
objectionable
taste
and
odour
for
aesthetic
reasons
and
should
not
cause
reduced
acceptance
of
edible
aquatic
organisms.
absent
0.001 mg/l
not
detectable
0.002 mg/z
not
exceed
0.001
mg/l
0.001 mg/z
absent
virtually
absent
not
detectable
0.002 mg/i
0.001 mg/l
 
pH
 
Raw water
Agreement
Objective
Proposed
Agreement
Objective
 
5
.0;
Maximum
deviation
of
0.5
pH
units
at
boundary
of
mixing
zone.
   
2
2
3
 
PARAMETER USE AN
D AGEN
CY CRI
TER
IA,
STA
NDA
RDS
, O
BJE
CTI
VES
, A
ND
GUI
DEL
INE
S
 
pH
(cont'd)
Raw Water (cont'd)
US Water Quality Criteria
Michigan State Standard
Wisconsin State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking Water
Canadian Federal Standards
Acceptable:
Recreation
Canadian Federal Guidelines
Objective:
Range
limit:
Province of Ontario Criteria
Fish and Aquatic Life
US Water Quality Criteria
Canadian Federal Guidelines
Minnesota State Standard
Wisconsin State Standard
Ontario Provincial Criteria
5.0—
9.0
6.7—8.5 for Great Lakes waters
6.5—8.8 for all other waters
6.0—9.0; No change ou
tside the estimated n
atural seasonal maxim
um and
minimum greater than 0.5 pH units.
least amount of interference with treatment process.
6.0—8.5
6.5—8.3
d not change beyond range 6.5—8.3.
6.5~9.0
Change above natural seasonal maximum not greater than 1.5 pH units.
Change below natural seasonal minimum not greater than 1.5 pH units.
Change in any location not greater than 2.0 pH units.
6.5—8.5
.0
.5
PHOSPHATES
 
Raw Water
Canadian Federal Guidelines (POD)
Objective:
Acceptable:
  
aa‘Aw.......I-. awvsuxmt ....-. ,- MMNN...» w . <»
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PARAMETER
USE AND AGENCY
CRITERIA; STANDAR
DS; OBJECTIVES, AN
D GUIDELINES
PHOSPHORUS
Raw water
Agreement Objective
US Water Quality Criteria
Desirable:
Permissible:
Michigan State Standard
Ontario Provincial Criteria
Limited to extent to prevent nuisance algae, weed, and slime growths
which are or may become injurious to beneficial water use.
recommends no desirable concentrations
recommends no desirable concentrations
sufficiently low to avoid nuisance conditions
not to encourage growth of algae. Not to interfere with treatment process.
PHTHALATE ESTERS Fish and Aquatic Life
Proposed Agreement Objective
Dibutyl phthalate
Di(2-ethylhexyl)phthalate
Other phthalate esters
2
2
L
!
PYRIDINE
Fish and Aquatic Life
US Water Quality Criteria
absent
PYROCATECHOL
Fish and Aquatic Life
US Water Quality Criteria
absent
PYROGALLOL
Fish and Aquatic Life
US Water Quality Criteria
absent
QUINONE
 
Fish and Aquatic Life
US Water Quality Criteria
 
absent
  
 PARAMETER USE AN
D AGEN
CY
CRITERIA, STANDARDS, nBJECTIVE9; AND GUIDELINES
RADIOACTIVITY
2
2
5
 
Raw Water
Agreement Objective
Canadian Federal Guidelines
Objective for 168 hour week:
Acceptable for 168 hour week:
Maximum permissible for 168 hour week:
Michigan State Standard
Minnesota State Standard
Wisconsin State Standard
Ontario Provincial Criteria
Desirable: Cross 8
zzeRa
Permissible:
Drinking water
Canadian Drinking Water Objectives
Objective for 168 hour week:
Acceptable for 168 hour week:
Maximum permissible for 168 hour week:
Ontario Provincial Drinking Water
Objectives
Gross B (9°Sr and a—emitters absent)
226Ra
eosr
Recreation
Canadian Federal Guidelines
Gross Radioactivity
Objective:
Maximum limit:
 
lowest practicable levels
0.1 ICRP
(MPC)w
0.33 IC
RP (MPC
)w
1 ICRP (MPC)W. The objective may be achieved if gross radioactivity in
water is maintained at <10 pCi/ﬂ. ICRP (MPC)w = International Commission
on Radiological Protection Maximum Permissible Concentration in Water.
In accordance with and subject to the criteria, standards, or requirements
prescribed by the U.S. Atomic Energy Commission as set forth in the
applicable code of Federal Regulations, Title 10, Part 20.
Not to exceed the lowest concentrations permitted to be discharged to an
uncontrolled environment as prescribed by the appropriate authority.
The criteria in the Radiation Protection Code, Wisconsin Administration
Code, Section H57.l5 shall apply to the disposal and permissible
concentrations of radioactive substances.
<100 pCi/z
<1 p
Ci/z
<2 p
Ci/R
1000
pCi/£
3 p
Ci/K
10 p
Ci/l
0.1 ICRP (MPC)w
0.33 ICRP (MPC)w
l ICRP (MPC)w The objective may be achieved if gross radioactivity is
maintained at <10 pCi/ﬂ.
1000 pCi/z
3
pC
i/
Q
10 p
Ci/l
none
<10
pCi/
£
   
 2
2
6
  
PARAMETER
USE AND AGENCY
CRITERIA, STANDARDS;
OBJECTIVES; AND GUIDELINES
RADIOACTIVITY
(cont'd)
Fish and Aquatic Life
Michigan
State Standard
Ontario Provincial Criteria
Cross
8
emitters
226Ra
soSr
Subject to Nuclear Regulatory Commission and other applicable agency
regulations.
1000
pCi/Z
3 pCi/l
10 pCi/l
RADIONUCLIDES
Raw water
US Water Quality Criteria
No materials should be present.
SELENIUM
Raw water
Proposed Agreement Objective
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective:
Acceptable:
Maximum permissible:
Michigan State Standard
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking water
US Drinking Water Standard
Canadian Drinking Water Objectives
Objective:
Acceptable:
Maximum permissible:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
 
Total selenium in unfiltered water sample should
absent
0.01 mg/l
not detectable
<0.01 mg/l
0.01 mg/l
0.01 mg/Q
0.01 mg/£
absent
0.01 mg/2
0.01 mg/E
not detectable
<0.0l mg/£
0.01 mg/l
0.01 mg/R
0.01 mg/Q
not exceed 0.01 mg/Q.
     
 PARAMETER
USE AND AGENCY
CRITER
IA; ST
ANDARD
S, OBJ
ECTIVE
S; AND
GUIDEL
INES
SETTLEABLE SOLIDS
Raw water
Michigan State Standard
Fish and Aquatic Life
Agreement Objective
Proposed Agreement Objective
US Water Quality Criteria
Dredging
EPA Dredging Guidelines
absent
Waters should be free from substances attributable to discharges
resulting from human activity that will settle to form putrescent or
otherwise objectionable sludge deposits or affect aquatic life or
waterfowl.
Waters should be free from substances attributable to discharges
resulting from human activity that will settle to form putrescent
or otherwise objectionable sludge deposits or that will alter Secchi
disk depth by more than 10%.
Settleable and suspended solids should not reduce the depth of the
compensation point for photosynthetic activity by more than 10% from
the seasonably established norm for aquatic life.
tests recommended
2
2
7
SILVER
 
Raw Water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Maximum permissible:
Minnesota State Standard
Ontario Provincial Criteria
Desirable:
Permissible:
Drinking Water
US Drinking Water Standard
Canadian Drinking Water Objectives
Maximum Permissible:
Wisconsin State Standard
Ontario Provincial Drinking Water
Objectives
 
absent
0.05 mg/E
0.05 mg/R
0.05 mg/Q
absent
0.05 mg/l
0.05 mg/R
0.05 mg/R
0.05 mg/z
0.05 mg/l
  
 PARAMETER
USE AND AGENCY
CRITERXA; STANDARDS; OBJECTIVES; AND GUIDELINES
SODIUM
Drinking water
US Drinking Water Standard
The adoption of maximum contaminant levels is recommended.
Wisconsin State Standard
Information on concentrations to be made available to consumers.
SULPHATE
Raw Water
US Water Quality Criteria
Desirable:
<50 mg/Q
Permissible:
250 mg/l
Canadian Federal Guidelines
Objective:
‘QSO mg/l
Acceptable:
500 mg/2
Minnesota State Standard
250 mg/2
Ontario Provincial Criteria
Desirable:
<50 mg/Z
Permissible:
250 mg/R
Drinking water
US Drinking Water Standard
Recommended that states institute monitoring programs, transients be
notified if content is high.
2
2
8
Canadian Drinking Water Objectives
Objective:
<25O mg/£
Acceptable:
500 mg/l
Wisconsin State Standard
250 mg/2
Ontario Provincial Drinking Water
Objectives
250 mg/l
SULPHIDE
Drinking water
Canadian Federal Standards and Drinking
Water Objectives
Objective:
not detectable
Acceptable:
0.3 mg/l
Dredging
EPA Dreding Guidelines
tests recommended
     
2
2
9
 
PARAMETER
USE AND AGENCY
CRITERIA, STANDARDS, OBJECTIVES; AND GUIDELINES
 
TEMPERATURE
 
Raw
water
Agreement Objective
US Water
Qualtiy
Criteria
Desirable;
Permissible:
Canadian Federal Guidelines
Objective:
Michigan
State
Standard
Wisconson
State
Standard
Ontario
Provincial
Criteria
Desirable:
Permissible:
Fish and Aquatic Life
Proposed
Agreement
Objective
 
No change to adversely affect use.
Recommends no desirable temperature.
Recommends no desirable temperature.
 
increase
<15CO
(l) Loads which would warm receiving waters
should not
be more
than
3 F° for inland lakes, 5 F° for warm water
streams,
and 2 F°
for cold
water
streams.
(2)
Loads
which
would warm
receiving
waters
higher
than monthly
maximum.
(3)
Lake
Superior
and
St.
Marys
River
J
F
M
A
M
J
J
A
S
O
N
D
38
36
39
46
53
61
71
74
71
61
49
42
Lake
Huron
north
of
a line
due
east
from Tawas
Point
J
F
M
A
M
J
J
A
S
O
N
D
40
40
4O
50
60
7O
75
80
75
65
55
45
Lake
Huron
south of
a
line
due
east
from
Tawas
Point,
except
Saginaw
bay:
J
F
M
A
M
J
J
A
S
O
N
D
40
40
40
55
60
75
80
80
80
65
55
45
Lake Huron, Saginaw bay:
J
F
M
A
M
J
J
A
S
O
N
D
45
45
45
60
70
75
80
85
78
65
55
45
Fluctuations
above
the
existing
natural
temperature
shall
not
exceed
3
F°
for
lakes
and
5 F°
for
streams.
pleasant tasting
85°F
(1)
Thermal
stratification
and
turnover
dates
should
not
be
altered.
(2)
Detailed
objective
for
maximum
weekly
average
temperature
addresses
growth,
reproduction
and
winter
survival.
(3)
Detailed
objective
addresses
short—term
exposure
to
extreme
temperature
for
the
season
of
growth
and
the
season
of
reproduction.
 
 2
3
0
   
PARAMETER
USE
AND
AGE
NCY
CRITERIA, STANDARDS, OBJECTIVES; AND GUIDELINES
TEMPERATURE (oont'd)
Fish and Aquatic Life (cont'd)
Minnesota State Standard
Wisconsin State Standard
Drinki
ng wat
er
Canadian Drinking Water Objectives
Objec
tive:
no material increase
no changes that may adversely affect aquatic life, and no significant
artificial increases where there is natural trout reproduction. Maximum
temperature rise of streams 5 F° and at edge of mixing zones in lakes
3 F°.
<1
5°
C
THRESHOLD ODOUR
(see also Odour and Phenols)
Raw Water
US Water Quality Criteria
Desir
able:
Permissible:
Minnesota State Standard
Wisconsin State Standard
Drinking Water
Ontario Provincial Drinking Water
Objectives
abs
ent
no objectionable odour; any odours present should be removed.
Treshold odour number = 3
materials producing odour in such amounts shall not be present.
odour number = 3
"TOTAL DISSOLVED SOLIDS"
(See Als
o Diss
olved
Solids)
 
Raw Water
Agreement Objective
Upper Lakes:
Lower
Lakes:
Proposed Agreement Objective
US Water Quality Criteria (Filtered
residue)
Desirable:
Permis
sible:
Canadian Federal Guidelines
Objective:
Accep
table
:
 
not to exceed present levels
not to exceed 200 mg/ﬁ.
monitor major ion concentrations in addition to present objective.
<200
mg/£
250
rug/IL
<50
0
mg
/l
1000 mg/l
   
AN
D
GU
ID
EL
IN
ES
CR
IT
ER
IA
;
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
:
US
E
AN
D
AG
EN
CY
 
PARA
METE
R
2
3
1
"TOT
AL D
ISSO
LVED
SOLI
DS”
(c
on
t’
d)
Raw Wat
er (con
t'd)
Mic
hig
an
Sta
te
Sta
nda
rd
not
to
exc
eed
500
mg/
2
50
0
mg
/2
Min
nes
ota
Sta
te
Sta
nda
rd
Ont
ari
o P
rov
inc
ial
Cri
ter
ia
(Fi
lte
rab
le
<200
mg/Q
resi
due)
50
0
mg
/2
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Drin
king
Wate
r
US
Dri
nki
ng
Wat
er
Sta
nda
rd
Cana
dian
Drin
king
Wate
r Ob
ject
ives
Ob
je
ct
iv
e:
Acc
ept
abl
e:
Wis
con
sin
Sta
te
Sta
nda
rd
6
250
mg
/2
(r
ec
om
me
nd
ed
)
<5
00
mg
/Q
100
0
mg
/z
Mon
thl
y
ave
rag
e
not
to
exc
eed
500
mg/
Q.
At
an
y
ti
me
no
t
to
ex
ce
ed
75
0
mg
/1
.
Ont
ari
o P
rov
inc
ial
Dri
nki
ng
Wat
er
50
0
mg
/2
Obj
ect
ive
s
Dred
ging
EPA
Dred
ing
Guid
elin
es
100
0
mg
/£
Ra
w
Wa
te
r
TOTA
L H
ARDN
ESS
<120
mg/l
50
mg
/1
Cana
dian
Fede
ral
Guid
elin
es
Var
ies
wit
h
loc
al
hyd
rog
eol
ogi
c
con
dit
ion
s
and
con
sum
er
acc
apt
anc
e.
Obj
ect
ive
:
Min
nes
ota
Sta
te
Sta
nda
rd
Onta
rio
Prov
inci
al
Crit
eria
Acc
ept
abl
e:
Drin
king
Wate
r
Cana
dian
Drin
king
Wate
r O
bjec
tive
s
Objec
tive:
<120 mg/Q
TOTA
L K
JELD
AHL
NITR
OGEN
1000
mg/kg
Dred
ging
EPA Dr
edging
Guidel
ines
20
00
mg
/k
g
(d
ry
we
ig
ht
ba
si
s)
Ont
ari
o P
rov
inc
ial
Mar
ine
Con
str
uct
ion
Guide
lines
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PARAMETER USE AN
D AGEN
CY CRITERIA; ST
ANDARDS; OBJECTIVE
S;
AND GU
IDELIN
ES
TOTAL ORGANIC CARBON
Dredging
EPA Dredging Guidelines
tests recommended
TOTAL PHOSPHORUS
Raw Water
Michigan State Standard
Fish and Aquatic Life
US Water Quality Criteria
Dredging
EPA Dredging Guidelines
Ontario Provincial Marine Construction
Guidelines
Sufficiently low to avoid nuisance conditions.
absent
tests recommended
1000 mg/
kg (dry
weight
basis)
 
TOXAPHENE
 
Raw Water
US Water Quality Criteria
Desirable:
Permissible:
Canadian Federal Guidelines
Objective and Acceptable:
Maximum permissible:
Ontario Provincial Criteria
Desirable:
Permissible:
Fish and Aquatic Life
Proposed Agreement Objective
Ontario Provincial Criteria
Drinking Water
US Drinking Water Standard
Canadian Drinking Water Objective
Objective and Acceptable:
Maximum permissible:
Wisconsin State Standard
 
absent
0.005 mg/£
not detectable
0.005 mg/£
absent
0.005 mg/l
0.008 ug/R
not to exceed 1/10 to l/lOOO of 48-hour TLm.
0.005 mg/£
not detectable
0.005 mg/z
0.005 mg/l
  
  
2
3
3
PARA
METE
R
USE
AN
D
AG
EN
CY
CR
IT
ER
IA
;
ST
AN
DA
RD
S;
OB
JE
CT
IV
ES
;
AN
D GU
ID
EL
IN
ES
TU
RB
ID
IT
Y
Ra
w
wa
te
r
US
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
Wa
rm
wa
te
r
Co
ld
wa
te
r
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Obj
ect
ive
:
Mi
ch
ig
an
St
at
e
St
an
da
rd
Min
nes
ota
Sta
te
Sta
nda
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
De
si
ra
bl
e:
Pe
rm
is
si
bl
e:
Dr
in
ki
ng
Wa
te
r
US
Dr
in
ki
ng
Wa
te
r
St
an
da
rd
Ca
na
di
an
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
Ob
je
ct
iv
e:
Ac
ce
pt
ab
le
:
Wi
sc
on
si
n
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Dr
in
ki
ng
Wa
te
r
Objec
tives
Rec
rea
tio
n
Ca
na
di
an
Fe
de
ra
l
Gu
id
el
in
es
Obj
ect
ive
:
Ma
xi
mu
m:
Fi
sh
an
d
Aq
ua
ti
c
Li
fe
Mi
nn
es
ot
a
St
at
e
St
an
da
rd
On
ta
ri
o
Pr
ov
in
ci
al
Cr
it
er
ia
As
so
ci
at
ed
with was
te input
s
Wa
rm
wa
te
r
Co
ld
wa
te
r
La
ke
s:
War
m w
ate
r
Co
ld
wa
te
r
or
ol
ig
ot
ro
ph
ic
50
Ja
ck
so
n
un
it
s
10
Ja
ck
so
n
un
it
s
5
Jac
kso
n
uni
ts
no
qu
an
ti
ty
to
ca
us
e
in
ju
ry
5
Ja
ck
so
n
un
it
s
abs
ent
absent
Da
il
y
ma
xi
mu
m
=
1 u
ni
t
<1
Ja
ck
so
n
un
it
5
Ja
ck
so
n
un
it
s
1 J
ac
ks
on
uni
t
1
Ja
ck
so
n
un
it
<5
Ja
ck
so
n
un
it
s
50
Ja
ck
so
n
un
it
s
10
Jac
kso
n
uni
ts
no
t
to
ex
ce
ed
50
Ja
ck
so
n
un
it
s
no
t
to
ex
ce
ed
10
Ja
ck
so
n
un
it
s
no
t
to
ex
ce
ed
25
Ja
ck
so
n
un
it
s
no
t
to
ex
ce
ed
10
Ja
ck
so
n
un
it
s
 
URA
NYL
ION
 
Ra
w
Wa
te
r
US
Wa
te
r
Qu
al
ti
y
Cr
it
er
ia
Des
ira
ble
:
Pe
rm
is
si
bl
e:
Can
adi
an
Fed
era
l G
uid
eli
nes
Obj
ect
ive
:
Acc
ept
abl
e:
 
absent
5
m
g
/
Z
<1
.0
mg
/R
5
.
0
m
g
/
£
  
  
PARAME
TER
USE AN
D AGEN
CY
CRITER
IA; ST
ANDARD
S, OBJ
ECTIVE
S; AND
GUIDEL
INES
URANYL ION (cont'd) Raw Water (cont’d)
Ontario Pro
vincial Cri
teria
Desirable:
absent
Permissible
:
5 mg/£
Drinki
ng wat
er
Canadian Drinking Wat
er Objectives
Objective:
<1.0 mg/i
Acceptab
le:
5.0 mg/
l
VOLATILE
SOLIDS
Dredging
EPA Dredgin
g Guideline
s
60,000 mg/k
g
ZINC
Raw wat
er
US Wat
er Qua
lity C
riteri
a
Desirabl
e:
absent
Permissible
:
5 mg/Q
Canadi
an Fe
deral
Guidel
ines
Objectiv
e:
<1.0 mg/
l
Acceptable:
5.0 mg/l
Minneso
ta Stat
e Stand
ard
5 mg/l
Ontari
o Prov
incial
Criter
ia
Desirabl
e:
virtual
ly abse
nt
Permissi
ble:
5 mg/l
Drin
king
wate
r
US Dri
nking
Water
Standa
rd
5 mg/l
Canadia
n Drink
ing Wate
r Objec
tives
Objec
tive:
Accep
table
:
Wiscon
sin St
ate St
andard
Ontario
Provinc
ial Dri
nking W
ater
Objec
tives
5.0 m
g/l
Fish and Aq
uatic Life
Propos
ed Agr
eement
Object
ive
Total
zinc
in unf
iltere
d wate
r samp
le sho
uld no
t exce
ed 30
ug/ﬁ.
Canadi
an Fed
eral G
uideli
nes
Incipi
ent LC
50 val
ues f
or rai
nbow t
rout r
ange f
rom 49
0 to 6
700 ug
/Q
as to
tal h
ardne
ss r
anges
from
10 to
1000
mg/R;
crite
ria f
actor
is 0.
1 of
LCSO v
alue.
TH
Zn
lO—l
OOO
mg/l
4.9—
67.0
mg/Q
Ontar
io Pr
ovinc
ial
Crite
ria
not
to ex
ceed
l/lOO
of 96
-hour
TLm
Dredging
FPA Dre
dging G
uideline
s
50 mg/Kg
2
3
A
l
0 m
g/K
0 mg/Q
0
<1.
5.
5.
mg/Q
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